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PAX FAN MAIL 


Few skin cleansers have received such wide spontaneous user acceptance— 
letters asking about PAX-LANO-SAV* HEAVY DUTY come from all parts 
of the United States, some foreign countries and from all classes of people 
and industries. The letter reproduced below is typical of those received daily. 


February 12, 1951 


G. H. Packwood Manufacturing Co., 
Saint Louis, Missouri 


Gentlemen: 


We have been using PAX=-LANO-SAV HEAVY DUTY Granulated 
Skin Cleanser and have been more than pleased with it; in 
fact, we have never found anything that compares with it. 
We used to buy it from our service station man and he has 
discontinued business, so as a result we are desperate. 


Do you sell PAX-LANO-SAV HEAVY DUTY direct or must we 
get it from a smaller concern? What sizes of packages can 
one buy and what is the price if we can get it? 


Hoping for good news from you soon. 


Yours truly, 
(Signed) F. M. Wagner 


The Committee on Cosmetics of the American 
Medical Association has accepted PAX-LANO- 
SAV* Heavy Duty Granulated Skin Cleanser for 
inclusion in its list of accepted products, and the 
Committee has granted permission to use its offi- 
cial Seal of Acceptance in accordance with the t0SS = 1008 
“Decisions of General Interest of the Official 


G. H. PACKWOOD MANUFACTURING CO. 
1545-55 TOWER GROVE AVE. - ST. LOUIS 10, MO. 
The Pax trademark symbol- Manutacturing Chemists To Industry 
Granulated Skin Cleansers, Skin Cleansing Creams, 


Degreasers and Detergent Compounds 


*Trademark of G. H. Packwood Mfg. Co. 
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Indicated in a wide range of external ocular 
infections involving diverse structures 

and tissues of the eye, Terramycin Ophthalmic 
preparations are effective and valuable 

either as the sole medication or as 

an adjunct to oral Terramycin therapy. 

It is only in the rare case that the use of 
Terramycin Ophthalmic Ointment or Solution 
is attended by sensitizing reactions. 


Supplied: CrYsTALLINE TERRAMYCIN HYDROCHLORIDE 
OputHaLmic OINTMENT, 5 mg. per Gm. ointment; 
tubes of % oz. 

OputHatmic So.uTion, 5 cc. vials containing 

25 mg. for preparation of topical solutions 

isotonic with lacrimal fluid and buffered to pH 8.2. 


Terramycin is also available as Capsules, 
Elixir, Oral Drops, and Intravenous. 


ANTIBIOTIC DIVISION CHAS. PFIZER & CO., INC., Brooklyn 6, N.Y. 
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here’s a NEW means of providing sedation 


I-s the improved NEMBUTAL Elixir—a pleasant 
change of sedative for patients who periodically 
require mild sedation and for whom phenobarbital 
or bromides have been previously prescribed. 

Note the advantages of the new NEMBUTAL 
Elixir: sparkling orange color, spicy aroma and 
much better taste than the old Elixir Even children 
can take it straight without difficulty. Onset of 
action is prompt, duration is easily controlled by 
varying the dosage, there is usually no “hangover”’ 
and little tendency toward cumulative effect. 

_ Greater miscibility and wider compatibility 
make the new Elixir an excellent vehicle for many 
commonly prescribed drugs. It can be added to an 
infant’s formula or whole milk and will remain 
stable even when heated. Small doses for mild effect 
are easy to administer—one teaspoonful (1 fi.dr.) 


of the Elixir representing 15 mg. (4 gr,) of 
NEMBUTAL Sodium, 

The complete NEMBUTAL line includes products 
that can meet any short-acting sedative or hypnotic 
need—capsules, tablets, suppositories, elixirs, solu- 
tions and sterile powder for solutions. Convenient 
small-dosage sizes simplify oral, 


rectal or intravenous administration. Abbott 


Try the improved, 
better-tasting 


NEMBUTAL oljxin 


(PENTOBARBITAL, ABBOTT) 
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as as dressing for 


burns abrasions athletic injuries 
circumcisions * carbuncles + leg ulcers 
plastic surgery * many other traumatic 
or surgical wounds 


abdominal incisions hemorrhoidectomy 
compound fractures + osteomyelitis 
arthrotomy * sucking chest wounds 
pilonidal cysts * many other indications 
for non-adherent packing 


as drain following 


appendectomy * tenosynovitis 

forearm incision « closed chest drainage 
intra-abdominal abscess + cholecystectomy 
auxiliary to closed-tube drainage 

many other incisions and ae wounds 


~ 


TWO SIZES: each six envelopes to the carton Bea Mae -- 


UNIT ENVELOPE — one 3”x36” dressing ily 
DUPLEX ENVELOPE—two 3”x18” dressings 


Available through your regular source of supply 


CHESEBROUGH MFG. CO., CONS’D 
Professional Products Division 
NEW YORK 4, N.Y. 
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Help put your safety program across by 
knowing the hazards in the air your workers 
breathe. Willson air sampling equipment is 
highly effective in detecting the amount of 
dusts or chlorinated hydrocarbon vapors in 
the air. This apparatus serves as a guide to 
the degree of hazard surrounding a particular 
job and indicates the extent of respiratory 
protection necessary to maintain better health 


Chlorinated Hydrocarbon Sampling Apparatus 


For use by chemists or engineers in Depart- 
ments of Health, Industrial Hygiene, Insurance 
Companies, Chemical Industries, Degreasing 
Plants, etc., for the determination of the con- 
centration of chlorinated hydrocarbon vapors, 
such as trichloroethylene, chlorinated naph- 


thalenes, and chlorinated diphenyl in the air. 


and to reduce absenteeism. 


Impinger No33le 


Sampling Flask 


Flask Stopper-Large 


= ‘ 


Used by the U. S. Public Health Service, State 
and City Health Dept:., Insurance Companies, 
Mines, Smelters and Manufacturing Plants for 
determining the quantity of dusts which may 
cause pulmonary fibrosis. Available with either 
electric or compressed air suction apparatus 
as illustrated. 


PRODUCTS INCORPORATED 
READING, PA., U.S.A. ~— Established 1870 


211 WASHINGTON STREET, READING, PA., U. S. A. 


SEND FOR BULLETIN WITH COMPLETE INFORMATION 
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IMPINGER DUST SAMPLING APPARATUS “a 
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lished by the American Medical Association as a medium for the advancement of 


knowledge on the diseases of industry and for the publication of scientific investigation 
and Fi in this field. 


Published material will in many respects be closely integrated with and reflect activities 
of the Council on Industrial Health of the American Medical Association and the American 
Industrial Hygiene Association. 

Correspondence relating to the editorial management, subscriptions, reprints, etc., should 
be addressed, A. M. A. Arcuives oF INpUsTRIAL HyGIENE AND OCCUPATIONAL MEDICINE, 
American Medical Association, 535 North Dearborn Street, Chicago 10. 

Manuscripts for publication and books for review should be sent to Prof. Philip Drinker, 
Chief Editor, 55 Shattuck Street, Boston 15. 

Articles are accepted for publication on condition that they are contributed solely to the 
A. M. A. Arcuives or INpUsTRIAL HyGIENE AND OccUPATIONAL MeEpictINne. Manuscripts must 
be typewritten, preferably double spaced, and the original copy should be submitted. Zinc 
etchings and halftones will be supplied by the Association when the original illustrations warrant 
reproduction and when their number is not considered excessive. 

Footnotes and bibliographies (the latter are used only in_ exhaustive reviews of the 
literature) should conform to the style of the Quarterly Cumulative Index Medicus. This 
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volume, page, month—day of month if the journal appears weekly—and year. 

Matter appearing in the A. M. A. Arcuives or INDUSTRIAL HyGIENE AND OCCUPATIONAL 
MEDICINE is covered by copyright, but as a rule no objection will be made to its reproduction in 
a reputable medical journal if proper credit is given. However, the reproduction for com- 
mercial purposes of articles appearing in this periodical or in any of the other publications issued 
by the Association will not be permitted. 

The A. M. A. Arcuives or InpustRIAL HyGreENE AND OccuPATIONAL MEDICINE is issued 
monthly. The annual subscription price (for two volumes) is as follows: domestic, $8.00; 
Canadian, $8.40; foreign, $9.00, including postage. Current single copies are $1.00. 


Checks, money orders and drafts should be made payable to the American Medical 
Association. 
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Copyricnt, 1951, BY THE AMERICAN MEDICAL ASSOCIATION 


TREATMENT OF CYANIDE POISONING IN INDUSTRY 


J. H. WOLFSIE, M.D. 
LINDEN, N. J. 


Y EXPERIENCE in the treatment of cyanide poisoning has been in a chemi- 
cal plant which manufactures in large volume, among other items, hydrogen 
cyanide, calcium cyanide preparations, sodium cyanide preparations, copper cyanide, 
acrylonitrile and other nitriles, cyanohydrins, cyanogen chloride, cyanuric chloride, 
and prussiates. 
The most effective antidotes for cyanide poisoning are sodium nitrite and sodium 
thiosulfate, and the plan of administration which we use in cases of severe poisoning 
is that outlined by Chen, Rose, and Clowes.’ 


In the dog, which is more susceptible to cyanide poisoning than man, the intra- 
venous administration of sodium nitrite followed by sodium thiosulfate detoxified 
20 lethal doses of sodium cyanide, whereas sodium nitrite alone protected against 
4 lethal doses and sodium thiosulfate alone protected against 3 lethal doses. 

It is believed that the mode of action is a formation of methemoglobin from 
hemoglobin by the sodium nitrite and the removal of cyanide ions from the tissues 
by methemoglobin to form cyanmethemoglobin, which has a relatively low toxicity. 
The thiosulfate converts cyanide to thiocyanate, probably by means of the enzyme 
rhodanese. 


Because cyanide poisoning occurs insidiously and rapidly and may be fatal, 
immediate treatment is necessary. All personnel assigned to departments where 
cyanides are handled must be well trained in the administration of artificial respira- 
tion. Also they must have a thorough understanding of first-aid procedures in 
cyanide poisoning. Each of these departments must have on hand, in a convenient 
location, a first-aid kit (Fig. 1) containing the following: 

Two boxes (2 dozen) of ampuls each containing 5 minims (0.3 cc.) of amyl nitrite 

Two ampuls of sterile sodium nitrite solution (10 cc. of 3% solution in each) 

Two ampuls of sterile sodium thiosulfate solution (50 cc. of 25% solution in each) 

One 10-cc. and one 50-cc. sterile glass syringe with sterile intravenous needles 

One file 

One tourniquet 

One dozen gauze pads and one small bottle of 70% alcohol 
One stomach tube 
Two 1-pt. (473-cc.) bottles of 1% sodium thiosulfate solution 


Read before the Section on Toxicology at the annual meeting of the American Association 
of Industrial Physicians and Surgeons, Atlantic City, April 24, 1951. 


1. Chen, K. K.; Rose, C. L., and Clowes, G. H. A.: The Modern Treatment of Cyanide 
Poisoning, J. Indiana M. A. 37:344 (July) 1944. 
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The mild cases, which may be manifested by any combination of the following 
symptoms, weakness, unsteadiness, confusion, headache, nausea, vomiting, offer no 
difficulties in treatment. Rest, symptomatic treatment, and the prevention of further 
absorption of cyanide effect prompt recovery. The patient should be taken to an 
uncontaminated area ; all contaminated clothing must be removed, and contaminated 
skin areas washed thoroughly with soap and water (see Table). 

The following regimen is used for the severer cases, which may show coma, 
convulsions occasionally, and apnea: 


1. Put on and test a gas mask with a hydrogen cyanide canister before entering 
an area to rescue a person apparently overcome by cyanide. Remove the patient to 
an uncontaminated area. 


2. Start artificial respiration at once if breathing has ceased, and continue with- 
out interruption until breathing has been resumed. 
3. Have someone call a physician and get the first-aid kit. 


Fig. 1—Contents of the cyanide first-aid kit. 


Symptoms and Signs of Cyanide Poisoning 


Mild Severe 

Dizziness; groggifiess; confusion Prostration 

Weakness; unsteadiness Coma 

Headache Pallor at first; cyanosis later 

Vomiting Pulse rapid and weak; in few, slow pulse 
Respirations increased at first; later 

irregular, slow, and gasping 

Pupils dilated occasionally 
Convulsions occasionally 
Incontinence occasionally 
Atelectasis occasionally 
Apnea 
Death 


4. While administering artificial respiration, have an assistant administer the 
contents of the amyl nitrite ampuls, one every 5 minutes for 25 minutes. These 
ampuls are to be broken and wrapped lightly in a handkerchief or gauze pad and 
held about 1 in. (2.5 cm.) from the patient’s nostrils and mouth for 15 to 30 seconds 
per minute, until the strength of the ampul’s contents is spent. Examine the mouth 
for dropping back of the tongue. Pull the tongue forward, and remove loose bridges, 
false teeth, tobacco, etc. 
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WOLFSIE—TREATMENT OF CYANIDE POISONING 


Fig. 2.—Resuscitation stretcher, a rigid device of such construction and dimensions as to 
allow for accommodation of a patient and an operator administering artificial respiration. Both 
can be transported as a unit on this stretcher so that there need be no interruption of artificial 
respiration. 


Fig. 3.—Patient receiving artificial respiration by an operator on the resuscitation stretcher. 
Since this photograph was taken demonstrating the Schafer prone-pressure method, reports have 
appeared in the literature of results of comparative studies of methods of manual artificial 
respiration showing that the methods that make use of both active inspiration (pull) and active 
expiration (push) are far superior to the Schafer prone-pressure method. We, therefore, now 
advocate the elbow-lift back-pressure method or the hip-lift (or hip-roll) back-pressure method. 


Fig. 4.—Artificial respiration continues uninterrupted while unit is being placed 
ambulance for transportation to hospital. 
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5. Carefully examine the patient’s exposed skin areas and clothing for cyanide, 
and, if found, remove the clothing and wash the skin with soap and water. Keep 
the patient as warm as possible at all times. 


6. Get the patient to the plant hospital by ambulance without interrupting arti- 
ficial respiration, if it is being given. 

7. lf the patient has not responded to the above treatment, the physician should 
inject intravenously 0.3 gm. of sodium nitrite (10 cc. of a 3% solution) at the rate 
of 2.5 to 5 cc. per minute, directly followed by injection of 12.5 gm. of sodium 
thiosulfate (50 cc. of a 25% solution) at the same rate and via the same needle and 
vein. The patient should be kept under observation 24 to 48 hours, and if signs of 
poisoning persist or reappear the injection of nitrite and thiosulfate should be 
repeated in one-half the above doses. Even if the patient appears well, a second 
injection may be given two hours after the first for prophylactic purposes. 


8. Oxygen may be given at the discretion of the attending physician. 


If the cyanide is ingested and the patient is conscious, he should be made to 
vomit by giving him to drink a glassful of tepid water, lukewarm salt water, or other 
emetics, or he should be encouraged to stick his finger down his throat to induce 
vomiting. Nothing is given by mouth to an unconscious patient. Amyl nitrite from 
the ampuls is administered while the solutions for intravenous administration are 
being prepared, and artificial respiration is given if breathing has ceased. Gastric 
lavage should be performed by a physician. This may be followed by the oral 
administration of 1 pt. of 1% solution of sodium thiosulfate if the patient is con- 
scious, to be repeated in 15 minutes. 


REPORT OF CASES 
The following clinical reports are typical of the severer cases of cyanide poisoning. 


Case 1.—J. L., a 37-year-old white male chemical operator in a calcium cyanide milling 
plant, on June 8, 1940, had his face and entire body covered with calcium cyanide powder which 
poured over him in a hopper accident. His co-workers attempted to brush the powder off him 
and took him to a nearby sink and thoroughly washed his face, neck, and the upper part of his 
body with water. After about two minutes, the patient became unconscious and was given 
artificial respiration and inhalations of amyl nitrite. There were periods of apnea and an inter- 
mittent and at times imperceptible pulse, although the apical beat was heard and was faint at 
140 to 160 a minute. The patient regained consciousness less than three minutes after the intra- 
venous injection of sodium nitrite was begun. This injection was followed by one of sodium 
thiosulfate, but, because he again became unconscious, it was suspected that he was absorbing 
additional amounts of cyanide. The remainder of his clothing was removed, disclosing large 
amounts of cyanide powder in the crural areas and around the waist; this entire surface was 
washed with copious quantities of water, after which sodium nitrite and sodium thiosulfate were 
again injected. He regained consciousness a few minutes later and was hospitalized under 
observation, during which he made an uneventful recovery. Results of a subsequent complete 
physical examination, including a chest roentgenogram, an electrocardiogram, complete blood 
count, and urinalysis, were normal. 

Case 2.—R. G., a 26-year-old white male chemical operator in a hydrogen cyanide manu- 
facturing plant, became unconscious after inhalation of vapor from a spill of liquid hydrogen 
cyanide at 9:30 a. m., June 2, 1941. There was no apnea. On inhalation of amyl nitrite, he 
regained consciousness after a few minutes. His pulse was regular and of good quality at a rate 
of 88 a minute. The blood pressure was 132/94. Respirations were normal. Examination of the 
heart, lungs, and eyes showed them to be normal. The neurological examination disclosed no 
abnormality. He complained of a headache, which later disappeared, and he was kept at rest in 
bed until noon of that day. 


i 
i 
| 
| 
{ 
3 

4 
4 
is 

in 
q 
a 
— 

‘ 

4 

* 
8 
| 
— 
| 
— 


WOLFSIE—TREATMENT OF CYANIDE POISONING 


421 


Results of a subsequent complete physical examination, including complete blood count, 
urinalysis, and chest roentgenogram, were normal. 


Case 3.—A. J., a 40-year-old white male chemical operator in a hydrogen cyanide manu- 
facturing plant, was overcome at 10: 30 p. m., Nov. 5, 1941, when he got liquid hydrogen cyanide 
on his hands and also inhaled hydrogen cyanide vapors from a spill. He was completely 
unconscious and apneic. He was taken outside the building and was given artificial respiration, 
along with inhalations of amyl nitrite. 

He was seen by a physician at 10: 40 p. m., by which time three ampuls of amyl nitrite had 
been used. Artificial respiration was still in progress. He had also received oxygen for about 
one minute. He began to breathe, but respirations were shallow and slow, his pulse rate was 140 
and weak, and there was a little cyanosis of the lips. Amyl nitrite was again given by inhalation ; 
the patient became totally conscious and his pulse strong at a rate of 110 a minute. He was then 
taken to the plant medical department. As soon as he was put to bed he was seized with a chill. 
His pulse remained at 110 per minute and of good quality. His clothing was removed; he was 
wrapped in clean blankets, and heat was applied; the chill was controlled in a few minutes. 
About 10 minutes later, the patient began to feel drowsy and he almost lost consciousness. 
Amyl nitrite inhalations overcame this in 1 to 2 minutes, and another chill followed which 
lasted 2 to 3 minutes. At that time the patient mentioned that liquid hydrogen cyanide was on 
his hands. They were thoroughly washed, and from then on he felt well except for slight nausea. 
His pulse rate was 90 a minute and of good quality, and the heart and lungs were normal on 
examination. He was hospitalized for observation. The first night his pulse rate increased to 
140 a minute at one time and then subsided to normal and so remained. He had no complaints 
while in the hospital and was discharged on Nov. 6. 


On Nov. 7 a complete physical examination, including chest roentgenogram, complete blood 
count, and urinalysis, showed a normal condition. An electrocardiogram taken at this time was 
normal except for bifurcate P waves in the second and third limb leads. These P wave changes 
were not observed on the next electrocardiogram, which was taken on April 25, 1944. 


Case 4.—H. Z., a 33-year-old white male chemical operator in a hydrogen cyanide manu- 
facturing plant, was overcome on inhalation of hydrogen cyanide vapors at about 7:15 p. m. on 
May 7, 1942. He was promptly treated with artificial respiration and amyl nitrite inhalations. 
He was unconscious for at least three minutes, and apnea lasted for at least one minute. 


He was taken to the plant medical department. Examination showed him to be conscious. 
His pulse rate was 88 to 92 a minute; the pulse was regular and of good strong quality. The 
respirations were normal. Blood pressure was 120/80. Examination of the heart and lungs gave 
normal findings. At first he complained of headache, and then he vomited his dinner. 

On reexamination at 10 p. m., he had no complaints. His pulse was 88 a minute, regular, 
and of good quality; the respirations were normal; the blood pressure was 118/76, and his heart 
and lungs were normal. He was sent home. 

On the following morning, May 8, he had no complaints. His pulse rate was 88 a minute; 


respirations were normal; the blood pressure was 134/90, and the heart and lungs were normal. 
He was permitted to return to work. 


Case 5.—H. Z., a 34-year-old white male chemical operator in a hydrogen cyanide 
manufacturing plant, was overcome on inhalation of hydrogen cyanide vapors some time after 
7 p. m., May 24, 1943. He was treated with artificial respiration and amyl nitrite inhalations, 
with prompt recovery. 


He was brought on a stretcher to the plant medical department, and on examination was 
found to be conscious, with normal respirations, a pulse rate of 104 a minute, and blood pressure 
of 136/78. Examination showed the heart and lungs to be normal. 

He took warm milk by mouth at intervals and vomited it shortly after. He complained of 
severe headache, for which an icecap was applied. He was kept at rest in bed. The patient was 
reexamined at 11 a. m., at which time sespirations were normal, the pulse rate was 84 a minute, 
the heart and lungs were normal, and an electrocardiogram was normal. At 1 p. m., he vomited 
a large quantity of orange-colored fluid and, immediately after that, felt more comfortable. He 
retained his lunch, which consisted of a bowl of soup, two slices of toast, and one cup of coffee. 
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Acetylsalicylic acid, 10 grains (0.65 gm.), was given at 2:15 p. m. for headache, and he was 
allowed out of bed at 2: 30 p. m. He felt comfortable, and his pulse rate, respirations, and color 
were normal. 

He was taken home at 3 p. m. and advised to rest. 

Subsequent complete physical examinations showed an essentially normal condition. 


Case 6.—J. T., a 44-year-old white male chemical operator in an acrylonitrile manufacturing 
plant, received a splash of a mixture of liquid hydrogen cyanide and ethylene oxide on a coat 
sleeve at 3:30 p. m., Feb. 16, 1944. He was led away and one minute later dropped unconscious. 
Artificial respiration was started by fellow workmen, but was soon discontinued when it was 
noted that the patient was breathing. His body was rigid and convulsive; his jaws were locked, 
and he had froth at the mouth. 

At 3:40 p. m., he was moved to the plant medical department and a physician was summoned. 
He had involuntary bowel movements and micturition, and his skin was mottled and purplish. 
His clothing was removed and his body bathed. His pulse was rapid and thready. Respirations 
were rapid and labored. His jaws were opened; a mouth gag was inserted, and a large amount 
of chewing tobacco was removed. 

At 4 p. m., cyanosis was increasing and the pulse rate was 120 to 130 a minute and of poor 
quality. 

At 4:15 p. m., he was seen by a physician, who noted numerous large areas of moist rales 
throughout the chest and cyanosis of the entire body. Inhalation of amyl nitrite was begun. 

At 4:25 p. m., 10 cc. of 3% sodium nitrite solution was administered intravenously, and the 
patient began to feact, coughing and moving. : 

At 4:35 p. m., 10 cc. of 25% sodium thiosulfate solution was given intravenously. The patient 
began to mumble and cough. He coughed up a lump of chewing tobacco. His color began to 
change. This was first noted in his ears, which became pale blue, and in his face, which became 
white around the periphery. The pulse rate was 130 and of fair quality. 

At 4:45 p. m., an additional 20 cc. of 25% sodium thiosulfate solution was given intra- 
venously ; the patient then coughed and uttered several words. His hands, which had previously 
been cold and clammy, became warmer, and the cyanosis began to recede. 

At 4:55 p. m., another 10 cc. of 25% sodium thiosulfate solution was given intravenously, 
with considerable improvement in color. 

At 5:15 p. m., it was noted that the rales had receded greatly. The patient began to cough 
up a bloody sputum. His pulse rate was 130 per minute and of good quality. The blood pressure 
was 90/60. The heart beat was heard for the first time. 

He was sent to a hospital at 5:45 p. m., with fair color and conscious, but continuing to cough 
up a bloody sputum. In the hospital on the same day, he had some rales and the production of 
rusty sputum continued. 

On the following day, Feb. 17, he had no further coughing and felt quite well. There were 
a few rales at the lung bases. He was discharged from the hospital on Feb. 18. His lungs were 
completely clear on physical examination, and he felt well. He was reexamined on Feb. 21, at 
which time he had no complaints. His general appearance was good and his color normal. The 
blood pressure was 134/80. The pulse rate was 96 a minute. The heart and lungs were normal. 
A roentgenogram of the chest showed only silicosis, with no change from previous films. He 
was permitted to return to work. 


Case 7.—W. F., a 48-year-old white male fireman in a chemical plant, on April 15, 1945, was 
assisting in opening windows in a building which had been fumigated with hydrogen cyanide 
earlier that day. Although he was wearing a gas mask, he felt dizzy and a little weak in the 
knees. He removed his mask and put his head out a partly opened window; because he was 
feeling worse, he tried to hold his breath and walked across to the opposite side of the room to 
an open window, where he put his head outside and rested his body on the window sill. He was 
seen by two other workers, who lifted him off the window sill and carried him outside the 
building. This was at 1:07 p. m. The patient was unconscious and apneic; artificial respiration 
was started, and he was given amyl nitrite by inhalation. At 1:20 p. m., his pulse rate was 108 
and of feeble quality, and he was cyanotic. Artificial respiration was continued. Ten cubic centi- 
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meters of 3% sodium nitrite solution was given intravenously, and immediately his ears became 
less purple and his pulse stronger. 


In five minutes the patient opened his eyes and began to breathe. Artificial respiration was 
required for a few strokes every one-half minute, when respirations became very faint and the 
patient showed somewhat increased cyanosis. In two or three minutes the patient began to 
object to artificial respiration. His color returned, and he spoke a few words. At about 1:30 
p. m. he was completely conscious, and he had no complaints except for slight headache and 
some vague nausea. At this time, the blood pressure was 100/64; respirations were 20 a minute, 
and the pulse rate 92 a minute and of good quality. His heart and lungs were normal to 
auscultation and percussion. Cyanosis was completely gone, except on the back between the 
shoulder blades; this persisted for an hour or so longer. He was hospitalized for observation 
until the following day and made a complete recovery. 


Results of subsequent physical examinations, including complete blood counts and urinalysis, 
were normal. A chest roentgenogram on April 18, 1945, was normal except for hilar and 
peribronchial induration which had been present in the same degree previous to this incident. 
An electrocardiogram taken on April 19, 1945, was normal. 


Case 8—M. E., a 29-year-old white male chemical operator in a hydrogen cyanide 
manufacturing plant, had a gust of calcium cyanide dust mixed with hydrogen cyanide vapors 
blown onto his arms and face shortly after 8 a. m. on Aug. 16, 1946. He promptly became dizzy 
and lost consciousness. His skin was washed off in the plant, and he was given artificial 
respiration and inhalations of amyl nitrite, and then brought to the plant medical department on 
a stretcher. At that time he was breathing regularly; his pulse rate was 104 a minute and of 
good quality; his face was cyanotic, and he was still unconscious. Amy] nitrite inhalations were 
continued. 


He was seen by a physician at 8:45 a. m. and given 10 cc. of 3% sodium nitrite solution 
intravenously. He regained consciousness within a few minutes; his color improved, and his 
pulse rate was 96 a minute and of good quality. At 9 a. m. the pulse rate was 88 a minute and 
the blood pressure 146/94. At 9:15 a. m. the pulse rate was 74 a minute and the blood pressure 
128/82. 

At 9:45 a. m. he was sent to a hospital for observation, in apparently good condition. He 
had no further complaints, and results of subsequent complete physical examinations were 
normal. 


He was allowed to return to work on Aug. 19, 1946. 


Case 9.—R. Y., a 40-year-old white male chemical operator in an acrylonitrile plant, inhaled 
the vapors of hydrogen cyanide at about 1: 10 a. m., May 31, 1949, when liquid hydrogen cyanide 
spilled over from an open valve on a pump. He became unconscious, and his breathing ceased ; 
he was given artificial respiration for about 30 minutes, along with inhalations of amyl nitrite. 

He was seen by me at 1: 45 a. m., at which time he was still being given artificial respiration. 
This was discontinued, and it was observed that his breathing was slow and irregular; his 
color was pale; the pupils were normal, and the pulse slow and weak. He was allowed to inhale 
the contents of another ampul of amy! nitrite, and his breathing promptly became regular, with 
return of consciousness. He was put to bed and given intravenously 10 cc. of 3% sodium nitrite 
solution, followed by 50 cc. of 25% sodium thiosulfate solution. His color soon became normal 
and his pulse full. Respirations continued to be normal; the pupils were normal; the pulse rate 
equaled the ventricular rate, which equaled 80 per minute and was regular. The heart and lungs 
were normal on examination. The blood pressure was 122/80. 

He was kept in bed under observation for the remainder of the night, during which time he 
slept well and showed no further abnormal manifestations. 

At 8:30 a. m. he had no complaints. The temperature was 98.8 F.; the pulse rate was 64 
a minute; respirations were 16 a minute, and the blood pressure was 118/78. Examination 
revealed the heart and lungs to be normal; the appearance of the chest was normal on 
roentgenogram. He ate a full breakfast, had no further complaints, and was allowed to go home 
later that day. 

Results of a subsequent complete physical examination, including complete blood count, 
urinalysis, and chest roentgenogram, were normal. 
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Case 10.—W. M., a 45-year-old white male chemical operator in an acrylonitrile plant, 
inhaled the vapors of hydrogen cyanide at about 1: 10 a. m., May 31, 1949, from a spill of liquid 
hydrogen cyanide from an open valve on a pump. He managed to walk out of the building but 
fell over unconscious outside. Because of apnea, he was given artificial respiration for about 30 
minutes, along with amyl nitrite inhalations. He was seen by me at about 1:45 a. m., at which 
time he was prone on a litter, fully conscious and with normal respirations. But he was pale; 
the pupils were dilated, and the pulse was very weak and slow. He was put to bed and given 
intravenously 10 cc. of 3% sodium nitrite solution, followed by 50 cc. of 25% sodium thiosulfate 
solution. His color soon became normal and his pulse full, so that the pulse rate equaled the 
ventricular rate, which equaled 84 per minute. Respirations were 18 a minute and normal; the 
blood pressure was 110/76. The pupils returned to normal size, and examination of heart and 
lungs failed to reveal any abnormalities. He was kept in bed under observation for the remain- 
der of the night, during which time he slept well and showed no further abnormal clinical signs. 

At 8: 30 a. m., on the same date, he had no complaints; his color, general aspect, and pupils 
were normal. The temperature was 98.4 F.; the pulse rate, 76 a minute and of regular sinus 
rhythm. Respirations were 18 a minute, and the blood pressure was 110/70; examination of 
heart and lungs gave normal results. The roentgenographic appearance of the chest was normal. 
He ate a full breakfast, and, because of no further abnormal signs or symptoms, he was taken 
home later in the day, fully recovered. 


Results of a subsequent complete physical examination, including chest roentgenogram, 
complete blood count, and urinalysis, were normal. 


Case 11.—R. L., a 39-year-old white male chemical operator in a hydrogen cyanide manu- 
facturing plant, was overcome by hydrogen cyanide which had spilled onto the upper portion of 
the trunk shortly before 9 a. m. on July 16, 1949. Co-workers found him lying on the ground 
but not unconscious. He was given amyl nitrite to inhale; his body was washed off with water, 
and this was followed by artificial respiration. He was then brought to the plant medical 
department on a stretcher. On arrival, at 9:05 a. m., he was in a semicomatose state. The 
pulse rate was 80 a minute and of good quality; respirations were easy, and the color was 
slightly pale. 

He was seen shortly after this by a physician, who reported that he was conscious but slightly 
groggy; the color of his skin was good. Respirations were normal; the pulse rate was 80 a 
minute and regular. Examination showed the heart and lungs to be normal. The bleod pressure 
was 130/80. He had conjunctivitis of the left eye. He was given 20 cc. of 25% sodium thiosulfate 
solution intravenously; the eye irritation was treated, and he was kept at rest in bed. On 
reexamination at 11:30 a. m., his general condition was found to be normal, and he was kept in 
bed until 3 p. m. of the same day, at which time he was taken home. 


He completely recovered from the conjunctivitis, and a subsequent complete physical 
examination, including a complete blood count, urinalysis, and roentgenogram of the chest, 
showed his general condition to be normal. 


Case 12.—J. S., a 44-year-old white male chemical operator in a hydrogen cyanide manu- 
facturing plant, became unconscious and apneic shortly after 4:00 a. m. on Dec. 22, 1949, on 
inhalation of hydrogen cyanide vapors. He was given artificial respiration and inhalations of 
amyl nitrite. After about 30 minutes of artificial respiration, spontaneous slow breathing began, 
and at 5: 07 a. m. he began to regain consciousness. He was seen by me at 5:12 a. m., at which 
time his respirations were apparently normal; his color was good, and the pulse normal. He was 
conscious but disoriented. He became fully oriented in 10 to 15 minutes. The estimated period 
of unconsciousness was at least 45 minutes and the estimated period of apnea about 30 minutes. 
At 5:20 a. m., he was given intravenously 10 cc. of 3% sodium nitrite solution, followed by 50 
cc. of 25% sodium thiosulfate. Following this, the pulse rate was 88 a minute, full and regular; 
respirations were 20 a minute, regular and of normal amplitude, and the blood pressure was 
112/86. The heart and lungs were normal on examination. 

There were no further abnormal manifestations, other than emesis of a moderate amount of 
partially digested food at 7:10 a. m. 


When next examined at 8:45 a. m., the patient was resting comfortably in bed and had no 
complaints. His color, pulse, and respirations were normal. Results of an examination of the 
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heart and lungs were normal, as was the appearance on a roentgenogram of the chest. He ate 


a full turkey dinner at 12:15 p. m. without any further complaints and was sent home later 
that day. 


Results of a subsequent complete physical examination were normal. 


SUMMARY AND CONCLUSIONS 


In spite of closed processes and rigid industrial hygiene controls in industry, 
accidents will occur with resultant cases of cyanide poisoning. 


Cyanide products have been handled in volume for many years at this plant. 
Hydrogen cyanide has been in production here for 30 years, and there have been 
no deaths from cyanide poisoning. 

Fatalities from cyanide poisoning can be prevented by education, training, and 
preparedness. 

Sodium nitrite and sodium thiosulfate, by their formation of cvanmethemoglobin 
and thiocyanate, respectively, are the most effective antidotes. 

A cyanide first-aid kit is described; a procedure for treatment is outlined, and 
clinical reports of typical severe cases are presented. 
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SPACE- AND LABOR-SAVING DEVICES IN THE 
INDUSTRIAL DISPENSARY 


IV. Clinical-Record Distribution Box for Physician’s Office 


JEAN SPENCER FELTON, M.D. 
OAK RIDGE, TENN. 


HE METHOD of distributing clinical records in an industrial dispensary 
varies directly with the size of the dispensary or the number and the type of 
professional personnel staffing the health unit. One or two nurses may comprise 
the entire staff in the smaller medical services in industry. In this situation the 
records of individual employees may be maintained on small cards, or notations of 
the reasons for their visits may be entered on a daily-log type of ledger sheet. 
Frequently, a combination of these two is seen, but with either system it is a simple 
step to extract the appropriate card from a vertical file as the patient reports for care. 
In physician-staffed installations, however, large clinical records are maintained, 
comparable to the record units seen in any outpatient department. These appear 
as the standard manila folder (1134 in. by 9% in. [28 by 24 cm.]) into which are 
placed records of examinations, treatments, and consultations. Varieties of this 
basic “chart” are encountered in double- or triple-fold containers, in printed covers 
and backs, or in the methods of affixing the records to the cover. 

In health services where these records are in current use, the problem of dis- 
tribution presents itself. The “chart” is usually pulled when the employee reports 
to the reception desk or record room, and either a clerk will deliver the folder to 
the physician’s office, or a staff nurse will pick up the record from a desk or a wall 
box and take it to the physician who will see the employee. For several years in 
the Health Division of the Oak Ridge National Laboratory, “chart” boxes were 
affixed, at a standing height, to the corridor wall immediately adjacent to the doors 
leading into the physicians’ offices. This would allow our record-room clerk to 
effect delivery of the folders, distributing them evenly to the examining physicians. 
In this manner if one physician saw a greater number of patients requiring brief 
visits only, the clerk could redistribute the folders so that a relatively even flow 
of patients would result. 

The disadvantages of this system were recognized by a physician who served 
as a staff member for a brief period. The placing of the folders in these outside 
wall boxes precluded knowledge on the part of the physician of the exact number 
of employees waiting to see him or of the character of the services required by 
them. The conduction of a lengthy physical examination would not permit him to 
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Dr. Felton is medical director of Oak Ridge National Laboratory. 

Previous papers in this series appeared as follows: I. Combination Examination-Treatment 
Unit, Occup. Med. 3:560 (June) 1947; II. Treatment Unit, ibid. 4:380 (Oct.-Dec.) 1947; III. 
Multipurpose Work Unit for Treatment Room, ibid. 4:387 (Oct.-Dec.) 1947. 

1. Muriel F. Cuykendall, M.D., Ithaca, N. Y. 
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inspect the receptacle with a frequency sufficient to permit complete planning for 
these visits. Furthermore, he would not be able, in advance, to ascertain that all 
reports of laboratory examinations had been placed in the folders. Likewise, by 
having to call a patient in without a previous perusal of the record, he was placed 
in the unfavorable light of being unable to recall the nature of the patient’s most 
recent visit, the recommendations made at that time, the diagnostic studies requested, 
or the medications prescribed. 


Fig. 1.—General location of clinical-record distribution box in corridor wall. 


The advantage of having all these data at one’s tongue tip when an employee 
is called into the office is obvious. Furthermore, were one to step into the hall, 
extract the record, return to the office, and a few moments later call in the employee, 
there would be an additional period of apprehension needlessly created and added 
to the already mounting tension experienced by many populating a medical waiting 
room. So much more desirable is it to step into the hall and with a smile in place 
of a questioning look, ask Mr. Smith to step in. 

To provide this immediate patient-identity a special receptacle was devised. 
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DESCRIPTION 


A record container was planned which would serve several purposes: 1. It 
would allow the record clerk to distribute folders to the physicians’ offices and yet, 
were redistribution necessary, still have access to them from outside the office door. 
2. The physician would be enabled to brief himself on the records of the patients 
who were waiting by having access to them without leaving his office. 3. The 
physician could procure all outstanding or unfiled copies of laboratory or x-ray 
reports, or outside consultations prior to calling in the patient. 4. The privacy of 
the physician’s office could be maintained by obviating the consultation’s being 
overheard by any one in the corridor through a continuously open pass-box arrange- 
ment. 5. The physician would be notified of the presence of a record. 
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Fig. 2.—Clinical record in place in the box. 


Figure 1 shows the general location in the corridor wall of a typical receptacle. 
A close-up view of a “chart” in the box is seen in Figure 2, where the folder is in 
position behind a clear plastic front after placement by the record clerk. Figure 3 
provides a view of the receptacle as seen from inside the physician’s office, with the 
hinged lid in the closed position, which precludes the traveling of sound from the 
office to the corridor. This view depicts also the signal light at the top of the box 
frame, and a toggle switch at the bottom. There is a microswitch® in the bottom 
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of the receptacle (seen faintly in Fig. 2) which, when a trip is depressed by a 
“chart” of any weight, including a manila folder with a single sheet of paper, 
activates the small signal light at the top, a 6 watt bulb, over which is a green glass 
reflector. In a quiet office, the depression of the “chart” trip and activation of the 
microswitch® may be heard as a “click,” which is of an intensity sufficient to be 
heard, yet not to prove distracting. In Figure 3 the light is on, indicating the 
presence of a clinical record. The toggle switch is included merely to provide a 
means of inactivating the microswitch® and light if necessary. 


Fig. 3—Receptacle as seen in the physician’s office, closed. 


In Figure 4 the removing of a record folder by a physician is illustrated. The 
hinged lid is moved up, and the “chart” taken out. With the lifting of the record, 
the “chart” trip returns to the “up” position and the light goes out, unless additional 
record forms are still present in the receptacle. With the removal of the folder, 
the lid falls back to the closed position. 
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Details —The construction details are shown in Figure 5. The hall view appears on the right. 
The receptacle frame for the incoming records is 20 in. (50 cm.) above the floor line. The inside 
dimensions of the frame measure 12% by 12% in. (31.5 by 31.5 cm.), providing ample space to 
receive the standard-sized folder. The outer dimensions of the frame are 16% by 16% in. (42 
by 42 cm.). 

A cross section of the receptacle is seen on the left of Figure 5, which illustrates the exact 
positioning of the box. The clear plastic front is seen end on, as are the panels which may be 
removed for repairs, and the exact angulation of the inner portion of the unit. The lid is affixed 
by a piano type of hinge, and the entire box is lined with felt. 

In the midportion of the drawing is shown the office-side view. The frame on the inside wall 
is 18 in. wide by 30% in. high (45.5 cm. by 77 cm.), with the lowermost edge being 17 in. 
(43 cm.) from the floor line. It is to be noted that nearly the entize unit is recessed into the 
6 in. (15 cm.) wall, the frame projecting but 1 in. (2.5 cm.) into the hall, and the box and frame 
but 2 in. (5 cm.) into the physician’s office. Installation of the electric wiring was facilitated 
in one case by placing the receptacle to the side of and below a recessed x-ray viewing illuminator. 


Currently three such units are in operation and the basic objectives in their 
design and construction have been met. 


SUMMARY 


A clinical-record distribution box is described which permits “charts” to be 
distributed evenly and placed within easy access of the examining physicians in 
the industrial dispensary. 

The unit permits exercise of the following functions: (1) distribution or 
reassignment of clinical records among staff physicians; (2) briefing of the physi- 
cian concerning the record contents before the patient is admitted to the consultation 


room; (3) procurement of all reports (by telephone or office intercommunication 
system) before calling the patient in; (4) maintenance of privacy between the 
physician’s office and the outside corridor, and (5) unobtrusive notification of the 
physician of the presence of a waiting patient. 

Experience with three such units has been successful in an industrial dispensary 
staffed by three physicians, each with a separate consultation room. 

The details for the design were developed by Mr. Glenn C. Williams, artist, Health Division ; 


the photographs were taken by Mr. Fred R. Williams, and the construction was supervised by 
Mr. John S. Oliver, craft foreman of the Carpenter Shop, Oak Ridge National Laboratory. 
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SPACE- AND LABOR-SAVING DEVICES IN THE INDUSTRIAL DISPENSARY 
V. Optical Dispensing Unit 


JEAN SPENCER FELTON, M.D. 
OAK RIDGE, TENN. 


Oe seribamaragien in industry frequently are limited in their space assignments, 
so that the maximum effective functioning of the square footage available 
must be attained. This is necessary in order that the area may be divided into 
workrooms commensurate in size with the activities executed by the industrial 
medical program. 

Previously described ' was the acceptance by the Health Division of the Oak r if 
“si Ridge National Laboratory of the function of procurement, storage, and issue of 
al occupational eyewear. The Division, therefore, added a new, separate activity 
previously within the purview of the Safety Department. At the time of the transfer, i 
space was limited, and the newly created Occupational Vision Section was assigned 
a room 6 ft. 9 in. by 16 ft. (205.5 by 487.5 cm.) in size. Within this admittedly 
small section, placement of several functions related to safety glasses was mandatory. 
A small waiting room was needed, as was space for spectacles, accessory and 
replacement parts, repair and adjustment instruments, lens-measuring equipment, 
a mirror, seating facilities, a work and dispensing bench, and files and records. 


The basic principle of maximum utilization of space was followed, and the area 
was partitioned transversely, providing a waiting room 5 ft. 6 in. by 6 ft. (167.5 
by 152 cm.) (Fig. 1). A _ built-in bench accommodates three people (the 
macropygian included). The seat is hinged so that additional storage space is 
created for bulky items. On the wall opposite the bench two framed posters are 
hung, which can be changed periodically—obviously these relate to the wisdom of 
using protective eyewear. The wall adjacent carries a three-pegged costumer for 
clothing. 


DESCRIPTION 


The dispensing room itself is separated by a standard door, and next to the 
door on the partition wall is a small wash basin, where hot water is available for 
the preheating necessary in the shaping of plastic frames. The work unit itself is 
U-shaped, with one leg of the U being foreshortened to allow ingress to the inner 


Dr. Felton is medical director at Oak Ridge National Laboratory. 
Previous papers in this series appeared as follows: Space-and Labor-Saving Devices in the 
| Industrial Dispensary: I. Combination Examination-Treatment Unit, Occup. Med. 3$:560 
(June) 1947; II. Treatment Unit, ibid. 4:380 (Oct.-Dec.) 1947; III. Multipurpose Work Unit 
for Treatment Room, ibid. 4:387 (Oct.-Dec.) 1947; IV. Clinical-Record Distribution Box for 
Physician’s Office, ibid., this issue, p. 426. 

1. Rule, J. R.: Health Division Takes Over Eye Safety, Nat. Safety News 62:26 (Aug.) 
1950; Sup. T. A. Acad. of Ophth. & Oto., Jan-Feb., 1951, p. 322. 
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area behind the fitting counter. Figure 2 illustrates the tongue-like counter, the top 
of which is covered with matching formica.* Leg room is ample, as there are no 
vertical supports beneath. As the unit is traced counterclockwise, a work area is 
seen which holds a vertometer® for the measuring of prescription lenses, and a 
back counter for record maintenance, which holds also a typewriter, a telephone, 
and an interoffice communication system. In cabinets below the counter, additional 
supplies are stored, and the drawers hold frame-fitting and adjustment instruments 


Fig. 1—View of the waiting room. 


and tools. In two of the rear drawers is a vertical file which contains 4-in. by 6-in. 
(10- by 15-cm.) card record forms which carry some of the employee’s identifying 
information, his lens prescription, frame-size specifications, and a recording of the 
eyewear which has been issued by type and date. 


On the two walls over the unit are compartmented cabinets holding fabricated 
“plano” and prescription glasses awaiting issue to the employees, and spectacle parts 
arranged by size, for inclusion in or replacement of issued glasses. On the top of 
one cabinet is a heating cone used for the preheating of plastic frames, which allows 
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Fig. 3—Optical dispensing unit in use. 
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Fig. 2—Counter of the optical dispensing unit. 
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insertion lenses. A dazor® “floating” lamp based on the cabinet top provides 
excellent illumination during spectacle dispensing, and a fitting mirror for the 
employee’s self-inspection is fixed to the wall adjacent to the fitting counter, at 
sitting eye height. Figure 3 depicts the unit in use. 


Details —The measurements for the unit are shown in Figure 4, and the floor plan on the left 
of the drawing shows that the entire facility fits into a room 9 ft. 7 in. long by 6 ft. 9 in. (292 
by 205.5 cm.) wide. Omitting the space given to the patient’s chair and the wash basin, the 
actual work section occupies no more footage than 6 ft. 6 in. (198 cm.), with the same width as 
the room of 6 ft. 9 in. The chair for the optical dispenser is placed in an area 3 ft. by 3 ft. 
(91.5 cm.), which allows him immediate access to every portion of the unit. 


OCCUPATIONAL VISION SECTION 


views” 


Fig. 4.—Specifications of the optical dispensing unit. 


The fitting counter is 1 ft. 6 in. (45.5 cm.) deep, and the space used for fitting is 3 ft. 7 in. 
(109 cm.) wide. The supply cabinets, both open-faced, and 2 ft. 5 in. (73.5 cm.) high, are 7 in. 
(17.5 cm.) deep and, as may be seen in view “B,” each storage “pigeon hole” measures 114 in. 
in height by 3 in. in width by 6 in. in depth (4 by 7.5 by 15 cm.), offering sufficient space to 
house a pair of safety spectacles in a case or in the usual commercial pasteboard mailing carton. 
There are 448 separate storage compartments, holding, as mentioned, both completely fabricated 
glasses and replacement lenses. 

Beneath the counter are five large, flat drawers, and in the rear of the section is a stack 
of four drawers of varying height, the top two being divided for record-card storage. 

The unit has served well in providing a facility where safety spectacles may be ordered (on 
authorization) by the worker, where appropriate prescription and order forms may be completed, 
where fabricated or assembled glasses may be stored, and where they may be fitted and issued 
to the industrial wearer. 
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SUMMARY 

A complete optical dispensing unit for occupational eyewear may be built into 
a compact space and satisfy all the functions demanded of such a unit. 

A small two-room area is described that houses a waiting room (5 ft. 6 in. by 
6 ft.) and a dispensing unit (6 ft. 9 in. by 9 ft. 7 in.). 

The unit, composed of a fitting table, a work area, spectacle-storage cabinets, 
supply drawers, and record-card files, is depicted as representative of a fully func- 
tioning facility adapted to the acute space demands of the usual industrial dispensary. 

Furnishing facilities for the procurement, storage, and issue of safety glasses, 
this optical unit can answer the needs of an industrial health service required to 
add an occupational-vision section to its medical program. 


The design was conceived and drawn by Glenn C. Williams, artist, Health Division, and 
the photographs were taken by Fred R. Williams, photographer, Oak Ridge National Laboratory. 
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SPACE- AND LABOR-SAVING DEVICES IN THE INDUSTRIAL DISPENSARY 
VI. Multipurpose Central Clerical Desk for Treatment Room 


JEAN SPENCER FELTON, M.D. 
OAK RIDGE, TENN. 


ERVING as a central focus for most of the activity in the industrial dispensary 
is the treatment room, where minor illnesses or injuries are given definitive care, 
and where major medical events are screened for further diagnostic study or 
disposition. In an effort to free staff nurses from some of the clerical effort necessary 
for the appropriate documentation of clinical records, a special clerk was assigned 
for duty solely in this area in the Health Division of the Oak Ridge National 
Laboratory. Her functions were essentially (a) the reception of patients in the 
treatment room from the waiting room or corridor; (b) the reception from the 
records room and distribution of clinical records to the treatment units'; (c) 
ascertaining that entries for the day’s visits have been made in the “charts”; (d) the 
initiation of medical report forms (maintained as Standard Register sextuplicate 
forms) covering either reports of occupationally incurred injuries or periods of 
illness-absence; (e) the maintenance of statistical records of services to patients 
through initiation of mark sense punch cards; (f) the maintenance of a tickler file 
of 3 by 5 in. (7.6 by 12.7 cm.) cards of immunization records; (g) the completion 
and forwarding of mimeographed reminder letters to employees of their due date 
for immunizing injections; (4) monitoring of the interoffice communication unit 
and telephone; (i) forwarding of completed copies of medical report forms to 
supervisors, the insurance section, the safety department, and the personnel statistics 
section (diagnostic information on nonoccupational conditions is considered privi- 
leged and is not forwarded), and (7) general routing of patients from the treatment 
room to the rest ward, physicians’ offices, or other sections of the dispensary. 
To localize these functions in a single person, the provision of a utilizable 
physical facility was necessary for the execution of these assigned activities. 


DESCRIPTION AND DETAILS 


Immediately adjacent to the arched entrance into the treatment room was built 
a multipurpose central clerical desk (Figs. 1 and 2) at a height which would allow 
the seated clerk to be comfortable in her conversations with patients or staff mem- 


Dr. Felton is Medical Director, Oak Ridge National Laboratory. 
Other papers in this series appeared as follows: I. Combination Examination-Treatment 
Unit, Occup. Med. 3:560 (June) 1947; II. Treatment Unit, ibid. 4:380 (Oct.-Dec.) 1947; 
III. Multipurpose Work Unit for Treatment Room, ibid. 4:387 (Oct.-Dec.) 1947; IV. Clinical 
Record Distribution Box for Physician’s Office, A. M. A. Arch. Indust. Hyg., this issue, 
p. 426; V. Optical Dispensing Unit, A. M. A. Arch. Indust. Hyg., this issue, p. 432. 

1. Felton, J. S.: Space- and Labor-Saving Devices in the Industrial Dispensary: I. Com- 
bination Examination-Treatment Unit, Occup. Med. 3:560 (June) 1947. 
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Fig. 2—Multipurpose central clerical desk, close-up view. 
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co Fig. 1—Multipurpose central clerical desk of treatment room, showing position near entrance. 
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bers who would be using the desk as a standing-height unit. In this way a constant 
extension of the clerk’s cervical spine was obviated, and a good physical working 
condition was provided within the one department sensitized to poor workroom 
environments anywhere else in the Laboratory. A high metal physical therapy-type 
stool, with back, a fixed foot rest, and revolving seat, was provided, which, when not 
in use, would fit under the desk. 

A central, inclined section provides the main writing area for the clerk. This 
section, 32 in. (81.3 cm.) wide by 32% in. (82.6 cm.) deep, is based on the main 
desk top, which measures 6 ft. 2% in. (189.2 cm.) in width, with the same depth 
dimensions as the writing unit. The top is 3 ft. 5 in. (104 cm.) from the floor, has 
rounded corners at its free front edge, and is supported on a pedestal 23 in. (58 cm.) 
wide which contains two of the elements of the desk. 


Fig. 3—Multipurpose central clerical desk, showing drawers and compartments in the open 
position. 


The first of these is the vertical file used as a tickler system for immunization 
records maintained on 3 by 5-in. cards, separated into monthly groupings by freely 
movable wood dividers, and kept in nine individual drawers of a size just sufficient 
to house the cards, with a depth of 534 in. (14.6 cm.) (Fig. 3). The other element 
in the lower portion of the pedestal consists of four compartments, 12 in. (30.5 cm.) 
wide by 4 in. (10.2 cm.) high and 16 in. (40.6 cm.) deep, designed to provide spaces 
for four of the Standard Register Units. (A single device of this type is maintained 
on the top of each treatment unit, but, as completion of forms may be delayed 
pending diagnosis or disposition, duplicate units must be available and are housed 
in these compartments. ) 

Two work surfaces are provided at desk-top level, both covered with stainless 
steel. The space on the right is used by staff physicians and nurses for the com- 
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pletion of notes in the clinical records and is flanked at its medial border by a bank 
of five recessed compartments designed to hold “chart” folders with the name tabs 
protruding slightly above desk top level. These boxes, all lined with stainless steel, 
are used as “chart” receptacles for the records of those patients who are waiting 
(In) ; records of those who have been seen and the note of whose visit has been 
recorded in the clinical record and on International Business Machine punch cards, 
the “charts” awaiting return to the record room (Out) ; records of those undergoing 
treatment (Hold) ; reports awaiting filing or forwarding to the appropriate sections 
(Injury Reports), and reports on such miscellaneous items (Miscellaneous) as may 
come up for action in the course of the day. Each compartment is identified by a 
small name tab immediately above it. 


Fig. 4.—Left end of central clerical desk showing communications units. 


The central writing section holds in a recessed position a large printed sheet 
under glass which lists those diagnoses and accompanying code numbers? used 
most frequently in the statistical recording system. Above this are located three 
additional sunken compartments accommodating, from left to right, the base of a 
desk-set pen, a rubber stamp pad, a small (9 by 6% in. [22.9 by 16.5 cm.]) parti- 
tioned box containing medical reports, folded and ready for distribution, and a 
single box for completed International Business Machine cards, awaiting trans- 
mission to the machine records section the following morning. The cards measure 
3% by 7% in. (8.3 by 18.7 cm.), and the metal container is sized to fit. 

At the left of center is another work surface (Fig. 4) that holds the telephone, 
the interoffice communication unit and buzzer plate, and an emergency telephone, 


2. The reference used is The Manual of the International Statistical Classification of Dis- 
eases, Injuries, and Causes of Death: Sixth Revision of the International Lists of Diseases and 
Causes of Death, Geneva, World Health Organization, Vol. 1, 1948, and Vol. 2, 1949. 
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wall type. This telephone is an extension of the emergency telephone located in the 
Guard Headquarters and rings simultaneously with it so that the dispensary can 
learn concomitantly of the whereabouts and details of an emergent situation with 
the receipt of a call by the Laboratory patrol force. This allows preparation by a 
physician or nurse either to board the ambulance on its way to the scene of need 
or to ready specific equipment. At the far left end, below the edge of the desk top, 
is a telephone toggle switch which, when repositioned at night, changes the buzzer 
system to a loud telephone bell audible to the shift nurse at any point in the Dis- 
pensary and indicative of an incoming call. 


RECEPTACLE FOR 
PUNCH CARDS 


DIVIDED RECEPTACLE FOR 
MEDICAL RECORD FORMS #2 RECEPTACLE FOR 


TREATMENT ROOM 


SUPPORTING WALL BRACKET 
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Fig. 5.—Details of multipurpose central clerical desk. 


Two features remain for description. A standard desk drawer is located below 
the central work section; this holds blank forms, pencils, and rubber stamps. It 
will be noted that there is a small floor level recess at the pedestal base of a height 
of 3 in. (7.6 cm.) with a 1-in. (2.5-cm.) depth. 

This facility has been in use approximately four years and has served well. The 
steel desk top has precluded the necessity for resurfacing or repainting, for it has 
demonstrated no evidence of wear. 


SUMMARY 
A multipurpose clerical desk unit located in the treatment room of an industrial 
dispensary is described in detail. 
Manned by a single clerk, this facility functions in the following manner: (a) 
as a central point for reception and routing of patients; (b>) as a temporary 
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repository of clinical records of patients to be seen, those receiving care, or those 
having completed their dispensary visits; (c) as a storage facility for tickler 
immunization file, extra Standard Register Units, communications equipment, and 
statistical code sheet; (d) as a standing-height desk top for use of staff members, 
and (e¢) as a distribution point for completed clinical records and medical reports. 

The multiplicity of purpose in the desk design allows a single treatment-room- 
records clerk to maintain surveillance over patients, records, and communications, 
so that the physicians and members of the nursing staff may be freed, so far as 
possible, for professional procedures. 


The drawing was made by Glenn C. Williams, and the photographs, by Fred Williams, Oak 
Ridge National Laboratory. 
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X-RAY DIFFRACTION STUDY OF SPUTUM IN SILICOSIS 


FRANK MEYER, M.Sc. 
AND 


SAUL SOLOMON, M.D. 
NEW YORK 


N A RECENT survey of employees in an iron foundry, a gross incidence of 

12.8% of silicosis was found.’ In the course of this study, we became interested 
in finding out whether the presence of silica (silicon dioxide) could be demonstrated 
in the sputum of workers with silicosis by x-ray diffraction methods. To our knowl- 
edge this approach has not been attempted successfully before. 


MATERIAL AND METHOD 


The method consists of allowing a monvchromatized x-ray beam to pass through a powdered 
sample containing crystalline material, such as silica. The beam is reflected by planes of atoms 
and molecules which are different for every crystalline material, since a crystal is a periodic 
array in space of its constituent atoms. The resultant scattered radiation can be photographed 
on a narrow film strip, and an x-ray diagram can be obtained which is characteristic of the 
material. The combination of spacings of arcs and their intensities, as seen on the x-ray film, is 
sufficient to identify a particular crystalline compound.2 We used a Debye-Scherrer powder 
camera and a commercial x-ray diffraction unit (North American Philips Company, Inc.). 


Silicon dioxide gives a characteristic diffraction pattern (B in the figure). Any specimen 
containing this material will show the same arcs (reflections), which can be easily identified by 
their characteristic spacing and relative density. 

Eighteen representative samples of floor and bench dust from different parts of the iron 
foundry were examined by the method outlined above. All showed the characteristic pattern of 
silica, identical with B in the figure. No characteristic patterns of other crystals could be 
identified. It is of interest that chemical analysis of three random samples of dust from 
different parts of the foundry showed 51, 58, and 77% silica, respectively.* 

An x-ray diffraction study was made of sputum samples from employees with silicosis to 
determine whether silica could be detected in these sputa. In order to examine sputum by this 
method, it is necessary to dehydrate it and reduce it to a powder. The method used was that 


From the Physics Laboratory of The Mount Sinai Hospital. This study was aided by a 
grant from The American Cancer Society, upon recommendation of the Committee on Growth, 
National Research Council. 


Dr. Solomon is Assistant Clinical Professor of Medicine, New York University Medical 
School (Post Graduate Division), and Clinical Professor of Internal Medicine, New York Poly- 
clinic Medical School and Hospital. 

1. Solomon, S.: Silicosis Among Iron Foundry Workers, New York J. Med. 51:1045, 1951. 

2. Kaufman, H. S., and Fankuchen, I.: X-Ray Diffraction, Analyt. Chem. 21:24, 1949, 

3. The chemical analyses were done at Bellevue Hospital by Samuel H. Rapkine, M.A. 


443 


y 
We 
j 
| 
a 
‘ 


444 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


devised by Burke‘ in preparing sputum for examination by the polarizing microscope. In this 
connection the polarizing microscope cannot readily identify silica crystals with diameters 
smaller than 5 #, whereas the x-ray diffraction camera is able to reveal crystallites even smaller 
than 1 #. When silica is found in industrial dusts, it is in mixtures of large and small particles, 
but it is the small ones (less than 3 # in diameter) which are damaging to the lungs. Fifty cubic 
centimeters of sputum is heated to evaporate most of the fluid. Ten cubic centimeters of aqua 
regia (nitrohydrochloric acid) is added and the mixture stored for 24 hours, with shaking at 
intervals. At the end of this time the mixture is centrifuged at 30,000 rpm for one hour. The 
supernatant liquid is poured off, and the residue is placed in an oven, where it is dried. The 
residue, a gray ash, is powdered and mounted on a glass filament, collodion béing used as an 
adhesive. 
RESULTS 


Twelve sputa were examined in this manner, and the results are shown in the 
table. A characteristic diffraction pattern of such a sputum is illustrated in the 
figure (4). There were four patients whose condition was diagnosed clinically and 
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A, diffractogram of treated sputum. B, diffractogram of silicon dioxide. Lines labeled Si 
and S: occur in both patterns and are characteristic of silicon dioxide (di:=3.36 A.; de=4.25 A.). 


The line labeled N appears only in the sputum pattern and is characteristic of sodium nitrate 
(d=3.03 A.). 


Results of X-Ray Diffraction Study of Twelve Sputa 


Number of Silica Patterns 
Found 


Sputa Group Cases 


by roentgenogram of the chest as severe silicosis. The sputum of each of these 
showed a diffraction pattern characteristic of silica. There were samples from five 
patients with moderate silicosis. The sputa of three of these showed a positive 
silica pattern. Three samples from persons with mild silicosis were examined. 


4. Burke, H. E.: Detection of Mineral Particles in Sputum in Silicosis, J. Indust. Hyg. & 
Toxicol. 17:27, 1935. 
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One showed the pattern of silica, and two did not. A and B of the figure show 
x-ray diffraction patterns of silica obtained from a sample of sputum and a sample 
of foundry dust, respectively. 


COMMENT 


One cannot draw any general conclusion from a small series. However, our 
study indicates that in some instances, at least, this method will show the presence 
of silica in the sputum of patients with silicosis. Up to now the x-ray diffraction 
method has been reserved for lung tissue and has been restricted to specimens 
obtained post mortem.® It is of interest, although the number of cases is small, 
that in all four of the severe cases of silicosis the sputum samples contained enough 
quartz crystals to produce the characteristic x-ray diffraction pattern of quartz. 

As a control, the sputa of 10 patients whose occupations never exposed them to 
silica were examined by this method. These patients suffered from bronchiectasis, 
carcinoma of the lung, tuberculosis, or sarcoidosis. None of the samples showed 
the diffraction pattern of silica. 

The only other patterns which showed up in several of the sputa from persons 
with silicosis were those of sodium nitrate and sodium chloride. The sodium nitrate 
pattern also appeared in sputa from several of the controls and is readily differen- 
tiated from the pattern of silica, since whenever there are two or more crystalline 
constituents in a mixture each casts its own diffraction arcs independently of the 
others. The presence of sodium nitrate in our films was probably due to the inter- 
action of sodium chloride in the sputum with the nitric acid of the aqua regia used 
to prepare specimens for the camera.® 


SUMMARY 


The presence of silica was shown in the sputa of persons with silicosis by 
x-ray diffraction analysis. Positive x-ray diffraction identification of silica was 
obtained in the sputa of all four persons with severe silicosis investigated. No evi- 
dence of silica was found in the sputa of 10 control patients. 

While the presence of silica has been previously demonstrated by x-ray diffrac- 
tion in lung tissue obtained at autopsy, the present study appears to be the first 
report on the successful application of this method to sputum obtained during life. 

The method as used in this study was not quantitative. Considerable work will 
be required to determine whether x-ray diffraction of sputum has a place in the 
clinical diagnosis and investigation of silicosis. 


324 N. Harrison St., Princeton, N. J. (Mr. Meyer). 
105 E. 73d St., New York 21 (Dr. Solomon). 


5. Burke.t Hicks, H.; McElroy, O., and Marga, M. E.: Quartz in Industrial Dusts and 
Deposits on Human Lung Tissues, J. Indust. Hyg. & Toxicol. 19:177, 1937. Sweany, H. C.; 
Klaas, R., and Clark, G. L.: Detection of Crystalline Silica in Lung Tissue by X-Ray Diffraction 
Analysis, Radiology 31:299, 1938. 

6. In A of the figure line N, which appears in the sputum pattern and which is absent in the 
pattern of pure silicon dioxide, is characteristic of sodium nitrate. 
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CHARACTERISTICS OF THE SUCTION SOAP FILM METER 
The Suctionometer—A New Low-Velocity-Measuring Device 
BERNARD D. BLOOMFIELD, S.M. 

AND 


LESLIE SILVERMAN, Sc.D. 
BOSTON 


several instruments for measuring air velocity are available, most 
of those used in practice have limitations, such as high cost, fragility, inade- 
quate range of velocity, inability to indicate direction, and inability to integrate 
velocity variations over a given time interval. The table indicates some of the 
advantages and disadvantages of commonly used velocity-measuring instruments 
for less than 500 ft. per minute (fpm). The hot-wire anemometer, although suitable 


for a wide range of velocities, is expensive and basically a special-purpose laboratory 
instrument. 


Advantages and Disadvantages of Velocity-Measuring Instruments for Less Than 
500 Ft. per Minute 


Instrument Advantages Disadvantages 


Vane Integrating, directional, easy to Requires stop watch; costly; affected by 
anemometer operate, least affected by tur- temperature and dust; lower limit fixed 
bulence; range fixed by size, by vane-gear friction; delicate 
50 to 3,000 fpm 
Velometer Directional; easy to operate; nar- Cannot measure point velocities; delicate, 
row faces minimize effect of costly; affected by temperature; affected 
angularity; direct readine; by dust (dust filter cuts down on sensi- 
wide range, 25 to 4,000 fpm tivity); pulsates at low velocities 
Heated Range measured is 10 to 6,000 Power supply necessary; requires constant 
thermometer fpm; integrating over 1-in. voltage control and skill; nondiree- 
anemometer length tional; fragile 
Kata Easy to operate, inexpensive, Requires stop watch; convection effects; 
thermometer integrating nondirectional; fragile; high radiation 
error; inaccurate below 50 and above 
500 fpm; limited by ambient temperature 


The purpose of this investigation was to develop a simple, accurate, and inexpen- 
sive air-velocity-measuring device capable of measuring air flows encountered in 
front of hoods and openings in industrial ventilation. For such use it is desirable 
to have a device which is integrating and directional. 


DEVELOPMENT OF THE SUCTION FITTING 


The basic element of the instrument is the suction fitting (essentially a form 
of pitometer) which, when connected to a manometer and placed in an air stream 
as shown, indicates a value exceeding the static pressure at the point of measurement 
because of aspiration and turbulence (Fig. 1). The suction created at the face of 
the suctionometer plate when air flows as indicated in Figure 1 is a function of 
the negative pressure created downstream. When the plate is held parallel to the 
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air flow, it yields a static pressure reading equal to the velocity head under ideal 
air-flow conditions. In this instance the coefficient ' defined is unity. 

The fitting connected to a manometer provides a pressure conversion velocity- 
measuring device which involves a coefficient or multiplication factor. Coefficients 
for a wide range of flow conditions are necessary to determine correct velocities if 
the plate is to be used as a velocity-measuring device. 


AIR FLOWw 


OOO oe 


a. d. e 


A. PLATE FITTINGS 


B. SPECIAL 
FITTINGS 


| 


Fig. 1.—A, suction-plate fittings used for pressure and air-flow measurement studies. B, special 
type fittings for initial pressure studies. 


The flow characteristics of various fittings were determined in round pipes, 
rectangular ducts, and at the face of a suction hood. In all cases, a significant 
coefficient was indicated, but the increase in sensitivity obtained was not enough to 


1. C=hv/Hv, where hv is the observed head indicated by the fitting and Hv is the point 
of mean velocity pressure, or Hv = (V/4008)?. 
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permit the use of a simple manometer for low air-flow measurement. The pressure- 
flow characteristics, however, indicated a possible application to velocity determi- 
nation by directly measuring the air displacement created at the fitting. 


APPARATUS AND METHODS 


The preliminary apparatus used consisted of a simple l-in. pipe section for checking flow 
characteristics of suction plates suspended in pipes, as shown in Figure 2A. A series of suction 
fittings made from brass disks and tubing, as shown in Figure 1, was used to measure flow 
characteristics in large ductwork and in front of an exhaust opening (wind-tunnel entrance), 
as shown in Figure 2B. 


1.07.0. fo wee. 


A. PIPE STUDY APPARATUS 


8B. DUCT AND HOOD FACE Postrions 
Fig. 2.—A, pipe study apparatus. B, dust and hood face positions and arrangement. 
Actual air velocities were measured by a Pitot tube, a calibrated velometer, and heated 


thermometer anemometers. The rotating-arm device was also used for establishing known air 
flows in the low range (50 to 500 fpm). 


PRESSURE CHARACTERISTICS OF SUCTION FITTINGS 


Various shapes and sizes of suctionometer fittings (Fig. 1) were studied to 

determine which type, when placed in the air stream, created the greatest aspiration 

with the most uniform coefficient over a wide flow range. Measurements were made 

- with a vertical or 1 to 10 inclined manometer, and, as previously explained, the 
suction created was a function of the negative pressure existing on the downstream 
side of the fitting and the ambient static pressure. 


All the fittings tested gave higher manometer readings (hv) than the velocity 
pressure (Hv) corresponding to the actual point velocity. Values varied with the 
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PRESSURE DIFFERENTIALS — INCHES OF WATER 


MEAN AIR VELOCITY - FEET PER MINUTE 


Fig. 3.—Pressure characteristics of suction plates in pipes. Air flow at standard temperature 
and pressure (S. T. P.). 
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Fig. 4—Plate suction characteristics. Air flow at standard temperature and pressure (S.T. P.). 
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nature of flow, as well as with the relative dimensional characteristics of the unit 
when placed in different-sized openings. For convenience, results obtained under 
each flow condition are detailed separately. 

A. Values of the Pressure Coefficient in Small Pipe Air Flow—Thin brass 
plates 4%, 34, and % in. in diameter were inserted in a l-in. pipe (Fig. 24) and 
coefficients determined for flows ranging from 0.5 to 10 cu. ft. per minute, corre- 
sponding to mean pipe velocities ranging from 97 to 1,880 fpm, a range which covers 
laminar and turbulent flow conditions. Results of pressure readings obtained for 
two typical units are shown in Figures 3 and 4 in terms of differential and absolute 


MEAN PIPE VELOCITY - FEET PER MINUTE 


Fig. 5.—Pressure coefficient values for 34-in. plate in 1l-in. pipe with air flow at standard 
temperature and pressure (S. T. P.). 


readings. In Figure 4 it can be observed that the change in slope of the absolute 
suction-fitting reading occurs at the critical Reynold’s number for turbulent flow 
in pipes. 

The coefficient for a 34-in. suctionometer plate is shown in Figure 5. This curve 
shows that the coefficient variation is greatest in the low flow range. Above 800 
fpm the coefficient changes less than 15% for a twofold increase in flow. In the 
turbulent range the average coefficient C varied from 10 for the smallest diameter 
plate (%4-in. diameter) to 82 for the 7-in. diameter plate. In each case values 
were much higher in the laminar flow range. 
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B. Values of the Pressure Coefficient in Large Ducts —To eliminate the effects 
of relatively large obstruction of the suction plate as obtained in small pipe flow, use 
was made of a point location in a lucite® wind-tunnel section (Fig. 2B). This 
tunnel, the cross section of which was 15 by 22 in., was placed in series with a 
calibrated Venturi tube, and test point values were determined by using a standard 
Pitot tube. 


FEET PER MINUTE 


> 


COEFFICIENT 


Fig. 6.—Pressure coefficient values for 114-in. plate in rectangular duct and at hood face. Air 
flow at standard temperature and pressure (S. T. P.). 


The flat-plate-type fittings (shown in Fig. 1) were studied with velocities 
ranging from 350 to 2,300 fpm in this tunnel section. Turbulent flow existed 
throughout this velocity range. Results for the 1!4-in. diameter plate are shown in 
Figure 6. Mean coefficient values ranged from 1.4 to 1.6 for the series. 

C. Values of the Pressure Coefficient in Front of Openings.—Values for the 
coefficient were determined for all the plate fittings (Fig. 14) and for the stream- 
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lined and Venturi fittings (Fig. 1B). Measurements were made in front of the open- 
ing as shown in Figure 2B. A point-velocity calibration was made for different 
rates of flow, using a 4-in. vane anemometer located at the hood face. Coefficient 
values were then determined for all the fittings with velocities ranging from 300 to 
1,300 fpm. Results for the 114-in. diameter plate are also shown in Figure 6. It 
can be seen that the coefficient appears more uniform than the duct measurements. 
The nature of the flow at the inlet of the streamlined duct entrance is laminar and 
not significantly disturbed, as determined by smoke tests. The largest 2-in. diameter 
plate gave the highest coefficient (1.6), and the %-in. diameter plate the lowest 
(1.02). Intermediate values were obtained with the special-shaped fittings, indicating 
that no benefit could be obtained from various shapes. 


SUCTION SOAP FILM METER OR SUCTIONOMETER DEVELOPMENT 


The pressure characteristics studies presented above indicate that the application 
of suction-plate measurements is best made in front of openings where the plate 
size is small relative to the area of the opening. The variation of the pressure 
coefficient appears minimal over a wide flow range, such as those normally encoun- 
tered in exhaust hoods, spray booths, grills, and similar situations. 

The most promising application of the suction fittings, based on their pressure 
characteristics, appeared to be as a method of determining the amount of air dis- 
placed or aspirated by these devices. In order to measure such small air displace- 
ments, it is necessary to have a device which is of extremely low flow resistance, 
simple, and direct reading. The soap film method developed in England and used 
in this laboratory for small air and gas volume-rate measurements gave indications 
that it might be applicable, since its friction is minimal and the device is direct 
reading. This apparatus consists of a graduated glass (or clear plastic) tube 
approximately 14-in. in diameter and 10 in. long. A soap film is placed across the 
end of the tube, and, as air is aspirated at its opposite end, the soap film moves 
forward. Its movement is timed, and the volume is determined from the distance 
traveled along the tube. 

Preliminary trials showed that this device, in combination with a suction fitting, 
would provide a simple, sensitive, integrating velocity-measuring instrument. The 
results presented above on performance of the suction fittings as pressure-measuring 
devices indicate the basis for selection of a certain size and type of suction head for 
the flow-measuring device. 

In using displacement as a measure of velocity, of course, we are actually 
measuring an aliquot of the total flow through the opening, or of the air passing a 
point in space with indeterminate cross section. As a flow-measuring device, the 
variables that affect the determination by displacement, in addition to the shape and 
aspirating characteristics of the suction plate, are the friction or resistance of the 
connecting tubing and the impedance presented by the displacement-measuring 
device. It was necessary, therefore, to determine the optimum size of the suction 
fitting, connecting tubing, and the metering tube. Other variables to be ascertained 
included the length of the displacement tube and the characteristics of the soap 
solution. Each of these variables is discussed below. 


— 
3 
q 
4 
4 
q 
4 4 
2 
4 
; 
? 
q 
j 
4 
| 
i 


BLOOMFIELD-SILVERMAN—SUCTION SOAP FILM METER 453 


A. Suction-Fitting Size—The 1¥%-in. diameter suction plate (characteristics 
shown in Figure 6) was selected for use with the metering instrument because 
experimental results showed it had a uniform coefficient and was of convenient size 
for general use in front of openings and in space. To reduce the friction in metering 
displaced air flow, a larger-bore connecting brass tube (*,-in. diameter) and a 
larger orifice opening (4 ¢-in. diameter) were substituted after determinations 
were made with \ and %4,-in. bore tubes. The smaller-bore tube interfered with 
sensitivity. 

B. Glass Metering Tubing Size——Glass tubes having inside diameters of %¢, 
346, 1%q, and 434 in., were studied, and some results are shown in Figure 7. 


2 
2 
' 
3 


> FILM SPEED - INCHES PER MINUTE 


Fig. 7.—Soap film speed and point velocity calibration. 


A %g-in. diameter tube was selected because it gave optimum soap film travel 
rates for air velocities ranging from 100 to 1,000 fpm. Rapid air displacement in the 
smaller-diameter tubes caused the bubble to move too fast at high air velocities, 
and the increased bore in the *%4-in. tube resulted in a bubble which moved too 
slowly in the low air-velocity range. 

The %,¢-in. diameter tube also proved to be the most suitable because of ease 
of handling, cleaning, and wetting its wall surface. 

Etched division markings were placed on the glass tube, so that 1, 2, 3, 5, and 
10 in. of film travel could be timed. 

C. Soap Film Solution—vVarious water solutions of aerosol® OT (sodium 


dioctyl sulfosuccinate)?; aerosol,® glycerine, and soap, and aerosol® and glycerine 
were tested. 


2. It is probable that many inexpensive synthetic detergents will give equally good results. 


| 
3 
4 
= 
Bes 
i= 
| ail | 
mie 


454 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


The aerosol* was added to depress the surface tension, the glycerine as a 
humectant to keep the tube surface moist, and the soap (powdered) to provide film 
strength. Experience soon indicated that the aerosol®-water solution was most 
suitable and appeared satisfactory in concentrations ranging from 0.3% to super- 
saturation. For use in metering, a filtered, saturated solution proved to be the most 
suitable. It is easily made by adding enough aerosol® to water to form a saturated 
solution (about 1.5%, or 15 gm., aerosol® per liter of distilled water) and by 
filtering off the undissolved material through an analytical paper. 
| Tension measurements made on the aerosol® solutions indicated negligible 

difference in surface tension for concentrations ranging from 3 gm. of aerosol® per 


liter to saturation (about 15 gm. per liter). Specific gravity determinations indicated 
a negligible difference between the specific gravity of the solutions and that of water. 

A 20-degree (F.) variation in the solution temperature does not have any effect 
on the instrument readings. 


PUNCTURE Point 
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Fig. 8.—Final field and laboratory model of soap film suctionometer. 


The friction created by the contact of the moving film and the wetted glass tube 
is quite small. Once applied, the films are stable and can travel up and down the 
tube for several minutes. Foreign particles, if placed in the tube, are bypassed by 
the film, which, upon passing the particles, resumes its original shape. 


SOAP-FILM INSTRUMENT FOR MEASURING LOW AIR VELOCITIES 


in Figure 8. The suction plate and connecting tubing are brass. The small connector 
chamber is plastic (lucite* ) and serves to trap accumulated soap solution. A small 
wire spiral with a sharpened point is inserted at A to rupture the soap film at the 
end of its travel. All joints must be leak tight but are provided with screw threads 
and gaskets for convenience in use and carrying. The complete apparatus for 


j The final form of the instrument designed for field and laboratory use is shown 
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measurements includes a bottle of soap solution and a stop watch. Soap films are 
applied by a wetted finger or by dipping the tube end directly in the solution surface. 

Reproducible results are readily obtained if the instrument is used properly. 
Several points must be observed to insure satisfactory results: 

1. Position of suction fitting: The fitting should be placed perpendicular to the 
ait stream, the orifice opening on the downstream side. 

2. Position of glass tube: The glass tube should be held horizontally, as indi- 
cated by the instrument spirit level. 

3. Wetting of tube walls: It is necessary that the walls of the tube be thoroughly 
wetted before each velocity determination. Although this was not essential for the 
higher velocities (>400 fpm) it is desirable for the lower velocities because the 
drying effect is critical during slow film travel. For best results, wetting of the tube 
before each low-velocity reading is recommended. 

This is accomplished by filling the tube with aerosol® solution and holding the 
thumb over the end. The excess is drained and then shaken off and the glass tube 
‘ screwed back in place. 

4. Film application: The film can be applied to the tube by dipping its end 
(assembled unit) into the liquid solution, by applying a wetted finger to the tube 
. end, or by using an applicator made of a piece of thin rubber stretched over a cork. 

Once the film is applied, it will begin its travel through the tube, if the suction 
fitting is in a zone of air movement. To keep the film steady while positioning the 
instrument, place a finger over its open end after the film has been allowed to move 
about % in. 

5. Timing soap film: With the instrument held in the one hand and a stop 
watch in the other, the timing of the film travel between the etched markings is 
easily accomplished. 

6. Film travel distances: During slow rates of movement, enough drying of the 
wetted tube walls takes place to slow down the film gradually. It is, therefore, 
advisable to use short travel distances for the lower air velocities (<300 fpm). A 
satisfactory film distance schedule is as follows: 


Approximate Time Distance to be 
of Travel, Seconds per Inch Metered, Inches 
5 
3to4 2 
1 to2 3 
1 5 to 10 


CALIBRATION 


Using the procedure described above for the suction instrument, the rate of film 
travel was determined for air velocities ranging from 50 to 1,000 fpm previously 
measured with a 4-in. vane anemometer and a heated thermometer anemometer. 
Measurements were made in front of two flanged hoods (30 by 22-in. and 30 
by 4-in. openings) at the hood face and at distances ranging from 1 to 18 in. 
away from the hood. Velocities determined with the vane anemometer do not 
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agree with those determined by the heated thermometer because of the area 
factors involved. A typical calibration is shown in Figure 9. It can be seen 
that the rates of film travel and velocity are related by the simple expression: 
V = Velocity = K \/Film Speed = K \/F, where V is velocity in feet per 
minute, F is film speed in inches per minute, and K is a constant dependent on tube 
and suction-plate dimensions. 


A basic calibration of the instrument was made using a swinging-arm device. It 
was found in making rotating-arm measurements that film travel must be measured 
with equal distances on either side of the center in order to eliminate centrifugal 


a 
3 q 
SOAP FILM + POINT 
ALIBRATION 


SOAP FILM SPEED - INCHES PER MINUTE 


Fig. 9—Hood face calibration of field unit, using 4-in. vane anemometer for reference. 


effects. The use of the rotating arm does not offer any particular difficulties in qq 
calibration. A study of the effect of angularity of the suction head indicates that ff 
measurements made with less than 10 degrees deviation from the perpendicular to 
the axis of flow do not introduce any appreciable error. 

One distinct advantage of the instrument is that it provides an integrated value 
and may thus be used for averaging and area measurements. 


SUMMARY 

An instrument, the suctionometer, for measuring low air velocities is described. 
‘It uses the speed of a soap film traveling through a transparent, horizontal tube. 
This speed is a function of the velocity of the air stream passing the suctionometer 
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plate and can be expressed by the equation VY = K \/F, where V is the velocity in 
feet per minute; F is the film speed in inches per minute, and K is a constant 
dependent on tube and suction-plate dimensions. 

The instrument is simple, directional and integrating and is not affected by 
normal temperature changes. The device is inexpensive (costing less than $5), 
and appears to respond as well as the devices used for calibration. Its useful range 
is 50 to 500 fpm (feet per minute), although velocities approaching 1,000 fpm 
can be measured rapidly. 

The suctionometer should be calibrated with an instrument that indicates accu- 
rate velocities or by a rotating-arm displacement device. 


2514 Afton Place, Lansing, Mich. (Mr. Bloomfield). 
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PRELIMINARY OBSERVATIONS ON TOXICITY OF ELEMENTAL SELENIUM 


ROBERT H. HALL, Ph.D. 
SIDNEY LASKIN, A.B. 
PAUL FRANK, A.B. 
ELLIOTT A. MAYNARD, Ph.D. 
AND 


HAROLD C. HODGE, Ph.D. 
ROCHESTER, N. Y. 


HE RECENT development of new uses for selenium has given new oppor- 

tunities for industrial exposures to this potentially hazardous element. In one 
developmental laboratory, two selenium operations representing pilot models of 
large-scale industrial processes weve investigated, viz., (a@) a preparation of thin 
selenium layers by vacuum evaporation and (b) the use of the articles, including 
handling of the layers. The rooms in which these operations were carried out were 
clean and showed excellent housekeeping ; there was little or no settled dust and 
none of the characteristic odor generally attributed to selenium. Protective 
engineering had been provided in an exhaust system for the vacuum evaporation 
unit (Rotoclone) and several exhaust fans. Atmospheric concentrations of selenium 
in the two rooms were extremely low, confirming the observation that the house- 
keeping was good. For example, in the room in which the coating was done, 10 ft. 
(3 meters) from the port of a vacuum evaporator, the air contained about 0.005 
mg. Se/cu. m. In the open port of the vacuum evaporator when the exhaust Rotoclone 
was not operating, a concentration of 0.037 mg. Se/cu. m. was found; but, when the 
Rotoclone was in use, as was customary when the port was open, the atmospheric 
concentration was only 0.007 mg. Se/cu. m. During operation of a unit for using the 
prepared selenium articles, day-long sampling of air at waist level 10 ft. from 
the apparatus gave values ranging from 0.007 to 0.025 mg. Se/cu. m. The samples 
were collected using a standard filter-paper dust sampler.' As a check on the 
atmospheric concentration, urinalyses * of 24-hour specimens, as well as of spot 
samples, showed selenium concentrations within the normal range (0 to 0.16 part 
per million [ppm]) reported by Sterner and Lidfeldt * in specimens from normal, 


From the Division of Pharmacology and Toxicology, The University of Rochester School 
of Medicine and Dentistry. 

1, Laskin, S.; Dygert, H. P.; LaBelle, C. W.; Pozzani, U. C.; Roberts, E.; Rothermel, 
J. J.; Rothstein, A.; Spiegl, C. J.; Sprague, G. F., Jr., and Stokinger, H. E.: Toxicity Follow- 
ing Inhalation, in Voegtlin, C., and Hodge, H. C.: The Pharmacology and Toxicology of 
Uranium Compounds, New York, McGraw-Hill Book Company, Inc., 1949, Chap. 10. 

2. Wernimont, G., and Hopkinson, F. J.: Microtitration of Selenium, Indust. Engin. Chem. 
(Anal. Ed.) 12:308, 1940. 


3. Sterner, J. H., and Lidfeldt, V. J.: Selenium Content of “Normal” Urine, J. Pharmacol. 
& Exper. Therap. 73:205, 1941. 
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healthy male adults without industrial or other known exposure to selenium. 
Specifically, 0.03 to 0.07 ppm of selenium was found in the urine of an employee 
regularly engaged in operating a commercial-type unit for using these selenium 
articles in a small closed room. Evidently, the amounts of selenium inhaled or 
otherwise obtained from this operation do not increase the urinary selenium con- 
centrations over normal levels. 


FUME TOXICITY 


Selenium particles from the vacuum-coating operation are extremely small. 

Electron micrographs were made of samples collected with a thermal precipita- 

tion in the industrial atmospheres. As illustrated in the figure, the selenium 

occurred in a size range of 1.7 to less than 0.1 ». Although little or no clump- 

ing was found, the presence of 98% of the population below 1 » was indicative 

of fume origin. The fact that a fume is produced raised the question of 

the toxicity of finely dispersed elemental selenium. It will be shown later 

that a coarse selenium powder has a low toxicity, but the marked toxicity of certain 

selenium compounds made it imperative to evaluate the hazard of a selenium fume. 

. An exploratory study was conducted in which groups of five rats each were 

exposed to a selenium fume set up in a small bell jar. The apparatus and details 

of operation were described by Laskin.‘ Under a fairly high vacuum a current of ¢ 

. 20 amp. was applied to a filament of 20-mil tungsten wire wound in the form of 

a small inverted cone and filled with small chips of selenium. Evaporation of the 

selenium was complete within approximately half a minute. The current was then 

turned off, and after a 10-second interval air was readmitted. The bell jar was then 

quickly set over a small cage containing the group of five rats. After an exposure 

period of two minutes, the jar was removed and the entire procedure repeated. 

Although no measurements of the fume concentration were made, it was probably 

much higher than any level ever obtained in the industrial processes. There was a 

detectable odor ; Phillips and Nelson * have pointed out that the odor of fume from 

high purity selenium is the same as that from selenium dioxide. Whether any 

oxidation occurred when air was admitted to the bell jar or whether the odor is due 
to finely divided selenium is at present a matter of speculation. 

Young female albino rats (average weight, 150 gm.) were used. The four 
groups received exposures of 2, 4, 8, and 16 minutes, respectively. One animal 
from each group was killed on the Ist, 2d, 4th, 8th, and 16th days following the 
exposure. Body weights were recorded when the animals were killed; the lungs 
were promptly removed and weighed, and sections were taken for histological study. 
The lung weights ranged from 0.63 to 1.58 gm. per 100 gm. of body weight; the 
over-all average was 1.03 gm., a figure approximately twice the normal average of 
0.5 gm. The lungs grossly exhibited moderate to severe hemorrhage, with scattered 
emphysematous and atelectatic areas. Microscopic examination confirmed these 
observations. Although there was no appreciable infiltration of the bronchial wall, 
polymorphonuclear granulocytes were found occasionally in the lumens of the 
bronchi. The histological changes were consistent with the diagnosis of mild to 
moderate pneumonitis, with hemorrhage and edema and with little evidence of 


4. Laskin,! p. 477 ff. 
5. Phillips, A. J., director of research, and Nelson, K. W., chief industrial hygienist, Ameri- 
can Smelting and Refining Company: Personal communication to the authors. 
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repair 16 days after exposure. Thus, when inhaled, the fume produced by vacuum 
evaporation of elemental selenium produces locally in the lungs an acute toxic 
response. 

The possibility exists that the fume was contaminated with selenium oxide. If 
traces of the irritating and toxic selenium oxide were inhaled with the fume, the 
injury to the lung tissue may well have been due to the contaminant and not to 
the elemental selenium. It should be noted that there was no gross contamination ; 
there were no crystals of selenium oxide, for example, observed in the electron 
micrographs (figure). Nevertheless, the presence of minute amounts of oxide 
cannot be rigorously excluded. 


DUST TOXICITY 


The demonstration that selenium fume is toxic in the lung was not unexpected 
because extremely finely divided matter often has a greater reactivity than coarsely 
divided material. It seemed desirable to obtain information on the toxicity of a 
relatively coarse selenium dust. In these studies, the average mass median particle 
diameter was 1.2 p, as determined by analyses * of material collected on cascade 
impactor slides. The powdered selenium was dispersed by means of a hydraulic 
feed mechanism and was introduced into a chamber of about 16-cu. ft. capacity, 
operated dynamically at an air exchange rate of 7 cu. ft. per minute. Between 200 
and 250 gm. of powder, placed in a round-bottom flask, was shaken in a vertical 
plane. Dry compressed air passed through a rotameter was introduced into the 
flask through a side-arm. The effluent passed into the throat of a Venturi tube 
located in the inlet duct of the exposure chamber. The chamber was exhausted 
through a water spray and countercurrent steam scrubber to a stack. 

The concentration of selenium dust in the chamber was measured by filter-paper 
dust sampler * at intervals of 20 minutes. Since the amount of selenium found by 
analysis accounted for 84 + 7% of the increase in weight of the filter-paper disk, 
the weights were used in the hour-by-hour control of chamber concentration. 

Rats, guinea pigs, and rabbits were exposed to atmospheres containing about 
30 mg. Se/cu. m. for periods as indicated in Table 1. Of the 20 young female rats 
exposed (initial weights, 28 to 74 gm.), 2 died, one 48 hours and the other seven 
days after exposure. In both rats that died the ratio of lung weight to body weight 
was elevated (1.1 and 1.3 gm. per 100 gm. of body weight). Grossly, there were 
no evidences of injury except in the lungs, which were hemorrhagic. At the times 
the deaths of these rats were discovered, two other rats were killed. In both the 
ratio of lung weight to body weight was elevated; hemorrhage and some edema 
were observed in the lungs; otherwise, tissues and organs were normal. 

The surviving rats gained in weight normally and appeared to be unaffected. 
Four were killed three weeks after exposure, and tissue sections of lungs, liver, 
spleen, bone marrow, adrenal glands, and kidneys were prepared for histological 
study. The lungs of all four animals exhibited slight interstitial infiltration of 
lymphocytes and intra-alveolar foci of large macrophages. The cytoplasm of the 
latter sometimes appeared foamy and occasionally contained granular golden pig- 
ment, with, more rarely, a red corpuscle. The pathological observations were 


6. Gortner, R. A., Jr., and Lewis, H. B.: Quantitative Determination of Selenium in Tissues 
and Feces, Indust. & Engin. Chem. (Anal. Ed.) 11:198, 1939. 
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consistent with the diagnosis of mild chronic interstitial pneumonitis. No evidence 
: of pathological change was seen in sections of any of the other organs. 
. The remaining 12 rats, which continued to gain weight normally, were killed 
one month after exposure, and sections of the same tissues were prepared. 
Slight to moderate pulmonary congestion and edema, with infiltration of lympho- 
a cytes, were seen in the lungs; about one-third of the animals exhibited mild 


TasBLe 1—Summary of Dust Exposure Experiments on the Toxicity of Inhaled 
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Metallic Selenium Dust 


Total 
Dust Con- Duration of Animal 
centration, Exposure, Species and 
Mg./Cu. M Hr. Number 
fe 83+ 10 8 20 rats 
1s 33 + 16 16 10 guinea pigs 
6 rabbits 


Toxicological Findings 


Mortality, 10%; mild inter- 
stitial pneumonitis 

Mild to moderate insterstitial 
pneumonitis; mild congestion 
of lungs, liver and spleen of 
guinea pigs 


Tas_e 2.—Acute Toxicity of Selenium Compounds: Summary of Median Lethal Doses 


L. D.so 
Source of (as Se), Route of 
Seleniu:n Mg./Cu. M. Species Administration 
H2Se 340 * Guinea pigs Inhalation 
H2Se 42% Guinea pigs Inhalation 
H2Se 20 § Guinea pigs Inhalation 
H2Se 1.0-4.0 | Guinea pigs Inhalation 
Mg./Ke. 
Na2SeOs 1.5-2.0 Dogs Subcutaneous 
NazSeOs 3.0 Rats Intraperitoneal 
NazSeOs 3.0 Rats Intravenous 
NazSeOs ea. 3.0 Rabbits Oral 
NazSeOs 15 Rabbits Intravenous 
Na2SeOs 15 Cats Subcutaneous 
NazSeO. 5.0 Rats Intraperitoneal 
Na2SeO« 3.0 Rats Intravenous 
Na2SeO« 2.0-2.5 Rabbits Intravenous 
Colloidal Se ea. 6.0 Rats Intravenous 
d,l-Selenocysteine 4.0 Rats Intraperitoneal 
SeOCla < 10.0 Rabbits Skin application 
* Ten-minute exposure, all oa within 10 days. 
+ Duuley, H. C., and Miller, J. W.: J. Indust. Hyg. & Toxicol. 23:470, 1941. 
} Whircy-minute exposure, all deaths within 10 days. 
§ Sixty-minute exposure, ali deaths within 10 days. 
exposure. 
4 Franke, K. W., and Moxon, A. L.: Pharmacol. & Exper. Therap. 583454, 
> Smith, M. I.; Stohiman, E. F., and Liltie, R. D.: 


J. Pharmacol. & Exper. 602449, 1937. 


interstitial pneumonitis, and most displayed evidence of slight liver congestion, with 
resultant mild central atrophy in a few instances. 

In the second experiment (Table 1) 6 adult female rabbits and 10 adult male 
guinea pigs were exposed to a concentration of 31 mg. Se/cu. m. in four periods, each 
of four hours, with 48 hours elapsing between exposure periods. 
animals lost weight or displayed signs of toxic effects, and there were no deaths. 
Two rabbits and two guinea pigs were killed one week after exposure, and sections 
of the tissues listed above (except adrenal gland) were studied microscopically. A 


Reference 


Dudley and Miller t 
Dudley and Miller t 
Dudley and Miller t 
Dudley and Miller ¢ 


Anderson, H. D., and Moxon, A. 
L.: J. Pharmacol. & Exper. 
Therap. 76:343, 1942 

Franke and Moxon 4 

Smith and others 

Smith and others 

Smith and others 

Smith and others % 

Franke and Moxon 4 


Smith and others ~ 

Smith and others 

Muehlberger & Schrenk ® 

Moxon, A. L.: J. Am. Pharm. A. 
29:249, 1940 


Dudley, H. C.: 


Pub. Health Rep. 
53:94, 1938 
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mild chronic interstitial pneumonitis was present in all these animals; in addition, 
the guinea pigs exhibited some pulmonary congestion ; the liver, kidneys, and bone 
marrow were normal. 

The remaining animals were killed three weeks after exposure, and sections 
of the same tissues (plus heart) were examined histologically. Varying degrees of 
congestion were seen in all lung sections (rabbits and guinea pigs), with vascular 
lymphocytic infiltration and with alveolar infiltration of large macrophages. Occa- 
sionally, slight emphysema was seen. In 4 of 10 guinea pig livers slight congestion 
was observed with mild central atrophy ; in 2 there was some fatty metamorphosis. 
Fissuring of the red pulp of the spleen was noted in 8 of 10 guinea pigs, with some 
increase in the number of polymorphonuclear leucocytes. The other guinea-pig 
tissues were normal. 

Selenium compounds are known to be toxic.*. A number of these are listed in 
Table 2 with the L.D.,,, the species tested, the route of administration, and the 
names of the investigators. It is evident that some of these should be classed as 
extremely toxic substances, for example, sodium selenide, for which the L.D.,, is 
on the order of 1 to 3 mg. per kilogram of body weight. 

- The acute toxicity of elemental selenium has not been studied in detail. It has 
been stated * that the element is harmless because of its relative insolubility. How- 
ever, the fatal dose of colloidal selenium given intravenously to rats was about 6 

. mg. per kilogram of body weight.’ Intense irritation of the eyes, nose, and throat 
has been reported for workers exposed to finely divided selenium for not more than 
10 minutes following an industrial accident. Nelson ® believes that this exposure, 
however, must have included also selenium oxide, crystals of which have been 

repeatedly found to be highly irritating. 


TOXICITY INTRAPERITONEALLY 


The relatively harmless character of intraperitoneally injected powdered selenium 
was demonstrated in a small-scale test in which 10 male albino rats (average 
weight, 240 gm.) were given a suspension containing 25 mg. of selenium per milli- 
liter in a 1% aqueous gum arabic solution. Two rats each received doses ranging 


7. Painter, E. P.: The Chemistry and Toxicity of Selenium Compounds, with Special 
Reference to the Selenium Problem, Chem. Rev. 28:179, 1941. Moxon, A. L., and Rhian, M.: 
Selenium Poisoning, Physiol. Rev. 23:305, 1943. Taboury, M. F.: Toxicologie du sélénium et 
de ses composés chez les animaux et les végétaux, Bull. Soc. chim. biol. 27:157, 1945. Fairhall, 
L. T.: The Toxicology of the Newer Metals, Brit. J. Indust. Med. 3:207, 1946. Buchan, R. F.: 
Industrial Selenosis, Occup. Med. 3:439 (May) 1947. Lemley, R. E.: Selenium Poisoning in 
Human: Preliminary Case Report, Journal-Lancet 60:528, 1940. Duvior, M.; Pollet, L., and 
Herrenschmidt, J. L.: Eczéma professionnel di au sélénium et déclenché par la reprise du travail 
aprés un arrét prolongé, Bull. Soc. Franc. dermat. et syph. 44:88, 1937. Halter, K.: Die Selen- 
vergiftung unter besonderer Beriicksichtigung der dabei beobachtbaren Hautveranderungen in 
Verbindung mit sekundarer Porphyrie, Arch. Dermat. u. Syph. 178:340, 1938. Pringle, P.: 
Occupational Dermatitis Following Exposure to Inorganic Selen‘um Compounds, Brit. J. Dermat. 
54:54, 1942. Hégger, D., and Bohm, C.: Uber Hautschadigungen durch Selenite, Dermatologica 
90:217, 1944. Middleton, J. M.: Selenium Burn of the Eye, Arch. Ophth. 38:806 (Dec.) 1947. 

8. Franke, K. W., and Potter, V. R.: A New Toxicant Occurring Naturally in Certain 
Samples of Plant Foodstuffs, J. Nutrition 10:213, 1935. 

9. Muehlberger, C. W., and Schrenk, H. H.: The Effect of the State of Oxidation on the 
Toxicity of Certain Elements, J. Pharmacol. & Exper. Therap. 33:270, 1928. 
10. Clinton, M., Jr.: Selenium Fume Exposure, J. Indust. Hyg. & Toxicol. 29:225, 1947. 
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from 200 to about 1,000 mg. per kilogram of body weight. Except for one rat that 
died of an acute pulmonary infection about one week after treatment, the rats all 
survived for about three months. The nine survivors gained in weight normally 
and showed no obvious ill effects from the injections. Gross autopsies at the end 
of the observation period revealed the presence of selenium particles in the peri- 
toneal cavity, but no gross abnormalities of the organs were observed. 


DERMAL TESTS 


The primary irritant and the sensitizing properties of powdered gray selenium 
were tested by the application of an aqueous paste to an area of about 2 sq. in. 
(12.9 sq. cm.) of the shaved rumps of guinea pigs (five males and five female 
adults). No attempt was made to apply an exact quantity of selenium. The animals 
were examined under good light at intervals of 24 and 48 hours after application, 
and, in the absence of primary irritation, the paste was reapplied over the same 
area on two consecutive days without evidence of irritation. After 21 days the 
selenium paste was again applied on a freshly shaved area and examinations were 
made after 24 and 48 hours. No evidence of sensitization was observed. 


SUMMARY 


When the fume produced by the vacuum evaporation of elemental selenium is 
inhaled, an acute toxic response was produced in the lungs of rats. : 3 7 

Rats, guinea pigs, and rabbits exposed for short times (up to 16 hours) to 
atmospheres containing about 30 mg. Se/cu. m. in the form of selenium dust exhibited 
mild interstitial pneumonitis, but few other pathological changes. 

Little evidence of toxicity was observed when 10 adult rats were given intra- 
peritoneally a suspension of powdered gray selenium in doses up to 1,000 mg. per 
kilogram of body weight. 

Powdered gray selenium gave no evidence of primary irritation or of sensiti- 
zation when applied to the skin of guinea pigs. 


3 
; 
j 
= 
ns 4 
4 
1 
a 
U 
i 
| 4 
j : 
| 4 
3 
| 
: 
— 
4 
iq 
; 
ay 
: 


RESPONSE OF RODENTS TO REPEATED INHALATION OF VAPORS 
OF TETRAETHYL ORTHOSILICATE 


U. C. POZZANI, MS. 
AND 


C. P. CARPENTER, Ph.D. 
PITTSBURGH 


ETRAETHYL orthosilicate, known also as tetraethoxy silane, and herein 

referred to as ethyl silicate for brevity, is utilized as a mold binder in the 
precision casting of high-melting alloys such as may be used in turbine blades. It 
has also found some application in the ceramic arts and as an intermediate for the 
production of other silanes. Although in the majority of cases it is hydrolyzed before 
use, it may be shipped in the unhydrolyzed state. It seemed pertinent, therefore, 
to perform a series of inhalation experiments whereby the hazard of the chemical, 
as handled in industry, could be evaluated. 

Little information on the toxicity of ethyl silicate by inhalation could be found 
in the literature. Kasper, McCord, and Fredrick * reported on the toxicity of ethyl 
silicate in laboratory animals by several portals of entry, but the inhalation studies 
were of limited scope. Smyth and Seaton * studied the acute response of rats and 
guinea pigs to ethyl silicate vapors. While the present study was in progress, Rowe 
and associates * published an extensive report on the toxicity of silicones and silane 
intermediates. However, their subacute inhalation studies on ethyl silicate were not 
extended beyond 30 exposures. 

Ethyl silicate * has a boiling point of 165 C. and a specific gravity of 0.935. The 
ester is readily hydrolyzed and forms intermediate hydroxy esters and, eventually, 
ethanol and hydrated silicic acid. 

PROCEDURE 

A preliminary 30-day exposure to a metered concentration of 500 parts per million (ppm) 
of ethyl silicate, which probably represented an actual 400 ppm, was made with groups contain- 
ing 15 male and 15 female young Sherman strain albino rats. These rats and a group of equal 
size, which served as the control, were distributed at random from selected stock whose weights 


fell within two standard deviations of the mean weight for this age group. The animals were 
acclimated to the basic conditions of the routine of the study by exposure in the chambers to air 


From the Mellon Institute of Industrial Research, University of Pittsburgh. 
1. Kasper, J. A.; McCord, C. P., and Fredrick, W. G.: The Toxicity of Organic Silicon 
Compounds: I. Tetraethyl-Orthosilicate, Indust. Med. 6:660-664, 1937. 

2. Smyth, H. F., Jr., and Seaton, J.: Acute Response of Guinea Pigs and Ra’s to Inhalation 
of the Vapors of Tetraethyl Orthosilicate (Ethyl Silicate), J. Indust. Hyg. & Toxicol. 22:288- 
296, 1940. 

3. Rowe, V. K.; Spencer, H. C., and Bass, S. L.: Toxicological Studies on Certain Com- 
mercial Silicones and Hydrolyzable Silane Intermediates, J. Indust. Hyg. & Toxicol. 30:332- 
352, 1948. 

4. Ethyl silicate is a product of Carbide and Carbon Chemical Company, a Division of 
Union Carbide and Carbon Corporation, New York. 
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alone for seven hours a day for five days prior to actual exposure to ethyl silicate vapor. Food 
and water were withheld from the rats during both preliminary and actual exposures. The 
latter were performed five days per week for six weeks. 

The results of this experiment guided the planning of the 90-day inhalation studies. Con- 
current exposures, at metered concentrations of 125, 62.5, and 31 ppm of ethyl silicate, were then 
made with groups of animals consisting of 15 male and 15 female albino Sherman strain rats, 
12 male guinea pigs, and 13 male and 10 female albino mice. A group of identical composition 
was used as the air-exposed control. 

The acclimating and exposure procedures used in the 30-day metered 500-ppm run were 
followed except that the number of exposures for these lower concentrations was extended to 
90 days. All animals were maintained on the appropriate Rockland stock diets and weighed 
weekly. The rats and guinea pigs that survived 90 exposures were killed by severance of the 
cervical portion of the spinal cord, and the mice, by etherization. Body weight, as well as liver 
and kidney weight, was recorded for the rats, mice, and guinea pigs. Portions of the heart, 
lung, liver, kidney, spleen, pancreas, adrenal glands, and testes were taken for pathological 
examination. 

A displacement-type proportioning pump similar to that used by Irish and Adams *® was 
employed to deliver the liquid ethyl silicate for the metered 125- and 62.5-ppm exposures. The 
motor-driven syringe assembly as adapted by Carpenter and co-workers® was used in the 
preliminary 30-day exposure and the 3l-ppm exposure, in which it was necessary to deliver a 
small volume of fluid at a uniform rate. In all cases the ester was vaporized in a low-heat 
evaporator,® and the resulting air-vapor mixture was introduced into the 550-liter chambers at 
a rate which insured approximately one chamber air-change every five minutes. 

The Zeiss interferometer, usually used in this laboratory, was not employed to follow 
concentrations of ethyl silicate because of the danger of deposition of the hydrolytic products on 
the walls of the optical cells. Past experience has shown that actual concentrations of vapors in 
the exposure chambers run 20 to 25% lower than the metered concentration. Therefore, it was 
reasonable to assume that the concentration of ethyl silicate vapors in the metered 500-ppm 
exposure was approximately 400 ppm. 

Ethy! silicate concentrations at the metered 125-, 62.5-, and 3l-ppm levels were checked by 
means of a colorimetric method based upon the reduction of the silicomolybdate complex. 
Several liters of the chamber atmosphere were drawn at a rate not exceeding 0.5 liter per 
minute through a bead-packed absorber containing 10 ml. of 0.05 N sulfuric acid. An aliquot 
of this solution estimated to contain 3 to 6 ¥ of silicon was placed in an Evelyn colorimeter tube, 
and the volume adjusted to 5 ml., if necessary, by the addition of dilute acid. To this was added 
1 ml. of molybdic acid reagent,? and the mixture was heated in a boiling water bath for five 
minutes. The tube was then cooled, and 3.5 ml. of 0.5 N sulfuric acid was added, followed by 
0.5 ml. of aminonaphthol-sulfonic acid reagent.? Color development was allowed to proceed for 
30 minutes, at the conclusion of which the tube was read in the colorimeter, using a 660-me filter 
and a reagent blank. The quantity of ethyl silicate present was determined from a curve based 
upon the analysis of standard solutions of the ester. 


RESULTS 


The chamber atmospheres of the metered 125- and 62.5-ppm exposures were each 
analyzed 10 times, whereas 12 samples were analyzed from the 31-ppm exposure. 

Chemical analysis revealed that the actual concentrations in the exposure cham- 
bers were approximately 25% lower than the metered delivery. Analyses revealed 
mean concentrations of 88.4, 49.9, and 22.7 ppm, respectively, with standard errors 


5. Irish, D. D., and Adams, E. M.: Apparatus and Methods for Testing the Toxicity of 
Vapors, Indust. Med. (Indust. Hyg. Sect.) 1:1, 1940. 

6. Carpenter, C. P.; Smyth, H. F., Jr., and Pozzani, U. C.: The Assay of Acute Vapor 
Toxicity, and the Grading and Interpretation of Results on 96 Chemical Compounds, J. Indust. 
Hyg. & Toxicol. 31:343-346, 1949. 


7. Peters, J. P., and Van Slyke, D. D.: Quantitative Clinical Chemistry, Baltimore, 
Williams & Wilkins Company, 1932, Vol. 2, p. 877. 
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of the mean of 10.9, 5.3, and 0.9 ppm. The corresponding coefficients of variation 
were 12.3, 10.6, and 4.0. For brevity, the actual concentrations will henceforth be 
referred to as 88, 50, and 23 ppm, respectively. 

Eleven of the 30 rats exposed to 400 ppm of ethyl silicate died between the 2d 
and the 29th days of exposure (mean, 10.3 days). The survivors had significantly 


lower body weight gains and higher liver and kidney weights than the controls 
(Table). 


Summary of Data on Ethyl Silicate Exposures 


500 0 125 62.5 81.0 0.0 
ee 0 88.4 49.9 22.7 0 
30 30 90 90 90 90 
30 30 30 30 30 30 
Mean wt. of animals prior to start of exposure, gm... 139.4 133.0 142.6 142.9 141.7 143.2 
Mean wt. gain of survivors, gm 422.9% +972 +1510 +1505 41575 +1304 
Liver wt. as % of body wt................. 4.29" 3.80 3.36 3.35 3.20 3.36 
Kidney wt. as % of body wt 1.38* 0.77 0.72 0.75 0.74 0.75 
Uninfected animals ......... 28 28 28 6 26 2 
0 0 0 0 0 
Sets of tissues examined from uninfected animals...... 25 25 238 6 25 25 
Sets with major pathologie changes 19 0 0 0 0 0 
“ Sets with any pathologie changes 25 7 ll 12 10 9 


Metered concentration, 5 0.0 
Concentration by analysis, ppm.............. eee B84 49.9 22.7 0 
Length of exposure, 90 90 90 90 

Mean wt. of animals prior to start of exposure, gm... 268 271 270 265 
Mean wt. gain of survivors, gm +567.1 +4174 4492.5 +545.0 
Liver wt. as % of body wt............sceceees Seb 3.21 3.07 3, 3.15 
Kidney wt. as % of body w 0.70 0.74 0.73 0.73 
Uninfected animals ......... ll 10 10 9 
Toxie deaths aaten 0 0 0 0 
Sets of tissues examined from uninfected animals..... 9 10 10 9 
Sets with major pathologie changes ony 0 0 0 0 
Sets with any pathologic changes................66.0006 0 1 1 0 

Mice 

Metered concentration, ppm..............c.ccceceeeeenees 125 62.5 31.0 0.0 
Concentration by analysis, ppm. 88.4 49.9 22.7 
Length of exposure, days ieee 90 90 90 90 
Mean wt. of animals prior to start of exposure, gm... 18.0 18.0 17.9 18.0 
Mean wt. gain of survivors, gm +8.8 +11.2 +10.5 +8.6 
Liver wt. 06 % Of DODGY WE... 6.53 5.98 6.54 6.22 
Kidney wt. as % of body wt... 1.50* 1.72 1.82 1.72 
Uninfected animals ............ 18 20 19 
0 0 0 0 
Sets of tissues examined from uninfected animals..... 18 20 19 “4 
Sets with major pathologie 0 0 0 0 
Sets with any pathologie 6 7 5 1 


* Deviation from control is statistically significant. The 500-ppm exposure was not run concurrently with 
the other exposures and thus was accompanied with its own set of controls. 


‘The kidney, liver, and lung appear to be the organs most affected by ethyl silicate 
inhalation. Degeneration of the convoluted tubules and cloudy swelling of both 
loop and convoluted tubules were observed in 7 of the 10 kidneys of the victims. } 
Congestion and cloudy swelling of the liver were observed in the same number of 
rats. Eight of the 10 rat lungs examined had congestion of varying severity. The 
micropathological changes in the survivors were similar to those observed for the 
victims. 

Thus, in the surviving animals the significant body and organ weight differences 
were accompanied with pertinent pathological changes. ‘similar examination of the 
tissues of the control animals revealed insignificant tissue changes. The results of 


the 400-ppm exposure agree essentially with those obtained by Rowe and asso- 
ciates.* 


Rats 
iy 
; 
| 
| 
: 
| 


468 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


The reaction of rats, guinea pigs, and mice to exposure to 88, 50, and 23 ppm of 
ethyl silicate for 90 days was negligible, as judged by the criteria of toxic response 
used in this laboratory. No deaths attributable to toxicity occurred, and the only 
significant difference observed was a depression in the kidney weights of the mice 
exposed to 88 ppm (Table). At present the question of whether altered kidney 
weight represents a toxic response has not been definitely answered. No major 
tissue damage was observed in any of the animals exposed to the above concentra- 
tions. However, some minor tissue damage did occur in a few of the exposed 
animals. These tissue changes have no significance, as they were also seen in the 
control animals. There does not appear to be any significant difference in species 
susceptibility to ethyl silicate vapor at the levels studied. Smyth and Seaton,’ have 
shown that in acute response studies rats and guinea pigs were approximately equal 
in susceptibility to ethyl silicate vapors. 

Although slight kidney, liver, and lung lesions were noted in some of the rats 
exposed to the 88-, 50-, and 23-ppm levels, these changes occurred with similar 
frequency in the control animals. On the other hand, Rowe and associates * stated : 

Slight to moderate kidney damage was observed histopathologically in all of the rats that 
received repeated exposures to tetraethoxysilane at a concentration of 125 ppm; however, the 


degree of damage did not appear to be progressively greater in those animals receiving the 
greater number of exposures. 


Thus, the data presented in this report for 90-day exposures extend the exposure 
range downward and indicate that the vapors of ethyl silicate and its hydrolytic 
products do not cause progressive injury at or below 88 ppm. 


SUMMARY 


Repeated exposure of 15 male and 15 female rats to an approximate concentra- 
tion of 400 ppm of ethyl silicate for seven hours a day for 30 days resulted in sig- 
nificant mortality and kidney, liver, and lung damage in the survivors. Mean weight 
gain and liver and kidney weights were also statistically significantly affected. 

Similarly, groups of rats, guinea pigs, and mice were exposed to 88, 50, and 
23 ppm of ethyl silicate vapor seven hours a day five days a week for 90 days. The 
only statistically significant difference from the controls was a decrease in the kidney 
weights of the mice exposed at the 88-ppm level. On the basis of the evidence cited 
above, there seems to be no justification for recommending any change in the figure 
of 100 ppm that has been suggested as the hygienic standard for ethy] silicate. 


Mr. John H. Nair III adapted the colorimetric method of analysis and performed the 
analyses thereby. 
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VAPOR TOXICITY OF TRICHLOROETHYLENE DETERMINED BY 
EXPERIMENTS ON LABORATORY ANIMALS 


E. M. ADAMS, Ph.D. 
H. C. SPENCER, Ph.D. 
Vv. K. ROWE, MS. 
D. D. McCOLLISTER, B.S. 

AND 


D. D. IRISH, Ph.D. 
MIDLAND, MICH. 


RICHLOROETHYLENE is widely used as a dry-cleaning agent, commer- 
cial solvent, and degreasing fluid. 

The early pharmacological and toxicological literature has been reviewed by 
Taylor,’ Barrett, MacLean, and Cunningham,’? and von Oéettingen *; both acute * 
and chronic * toxicity studies have been reported. 

The present experimental work was carried out as a part of a comparative 
study of the toxicity of vapors of the four chlorinated hydrocarbons: ethylene : 
dichloride, trichloroethylene, tetrachloroethylene, and carbon tetrachloride. These 
studies were undertaken so that the health problems associated with the use of these 
materials could be more fully evaluated. 

In this comparative study considerable emphasis was placed on quantitative 
measures of acute toxicity (for the rat) in terms of both capacity to kill and capacity 
to cause nonfatal injury, for it has been felt that such a knowledge of acute toxicity 
is as important for industrial hygiene as is that of chronic toxicity. Accordingly, 
more satisfactory means of measuring acute toxicity and of obtaining useful informa- 
tion from comparisons of measures of acute and chronic toxicity have been explored. 


EXPERIMENTAL PROCEDURE 


Material Tested—tTrichloroethylene, CIHC=CCl:, is a clear colorless liquid of a specific 
gravity of 1.464 at 20/4 C.,5@ with a melting point of —86.4 C. and a boiling point (760 mm.) of 


From the Biochemical Research Department, The Dow Chemical Company. 
A summary of this work was presented at the Eleventh Annual Meeting of the American 
Industrial Hygiene Association, in Chicago, April 27, 1950. 

1. Taylor, H.: Experiments on the Physiological Properties of Trichloroethylene, J. Indust. 
Hyg. & Toxicol. 18:175-193, 1936. 

2. Barrett, H. M.; MacLean, D. L., and Cunningham, J. G.: A Comparison of the Toxicity 
of Carbon Tetrachloride and Trichlorethylene, J. Indust. Hyg. & Toxicol. 20:360-379, 1938. 

3. von Oettingen, W. F.: The Halogenated Hydrocarbons: Their Toxicity and Potential 
Dangers, J. Indust. Hyg. & Toxicol. 19: 349-448, 1937. 

4. (a) Seifter, J.: Liver Injury in Dogs Exposed to Trichloroethylene, J. Indust. Hyg. & 
Toxicol. 26:250-252, 1944. (b) Taylor. (c) Barrett and others.2 (d) von Oettingen.® 
5. Taylor. Barrett and others.2 Seifter.4# 
5a. The expression “at 20/4 C.” means at 20 C. with water at 4 C. as unity. 
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86.9 C. It is insoluble in water but is freely miscible with alcohol or ether. It is neither 
flammable nor explosive at ordinary room temperatures but is moderately flammable at higher 
temperatures, the ignition temperature béing 410 C. 

The material used in this experimental work consisted of four samples of a commercial 
product, all purified by redistillation. The infrared absorption spectra of these samples indicated 
a purity ranging from 98.0 to 99.7%. The impurities, though not identified, were shown not 
to be carbon tetrachloride, ethylene dichloride, tetrachloroethane, tetrachloroethylene, or chloro- 
form. 

Source and Feeding of Animals.—The albino rats were raised in this laboratory of stock 
originally obtained from the Wistar Institute of Anatomy and Biology in 1938. They were 
maintained on a modified Sherman diet, the composition of which was as follows: freshly 
ground whole wheat, 55%; dried whole milk, 25%; dried extracted liver, 12%; dried brewer’s 
yeast, 5%; iodized salt, 2%; calcium carbonate, 1%. 

The guinea pigs were a heterogeneous stock purchased from a commercial breeder. They 
were fed a commercial rabbit chow ® (complete ration), alfalfa hay, and cabbage. 

The albino rabbits were a heterogeneous stock raised in this laboratory on the same rabbit 
chow (complete ration) and alfalfa hay. 

The rhesus monkeys were newly imported animals, kept in the laboratory for several months 
before use. They were fed a variable diet of a commercial laboratory chow,* peanuts, fruits, 
and vegetables. 

Single Exposures——A glass-walled chamber of about 160-1. capacity, similar to that previ- 
ously described,? was used. Two large copper tubes (closed with rubber stoppers) were soldered 
into the monel top of the chamber so that rats could be introduced after a vapor concentration 
had been established. A constant air flow was maintained through the chamber, the lowest rate 
used for any one experiment being about 15 |. per minute and the highest about 30 1. per minute. 
The desired vapor concentration was obtained by metering liquid trichloroethylene at a constant 
rate into the tube through which air entered the chamber, heat being applied at the point of 
vaporization as needed to effect complete volatilization. The vapor concentrations with animals 
in the chamber were checked repeatedly by combustion analyses and averaged better than 90% 
of the calculated theoretical values of trichloroethylene. 

The rats were introduced in groups of 5 to 12 within a period of 15 seconds and were removed 
through the chamber door within a similar interval of time at the end of the exposure. It was 
shown by a continuously recording analyzer that the animals were introduced without appreciable 
alteration of the vapor concentration. 

All the rats were selected on the basis of general appearance and apparent good health, males 
and females being used in approximately equal numbers. Animals that received single exposures 
were observed as to their behavior, body weight changes, and time of death. Survivors were 
observed for two to three weeks or until it was certain that they had fully recovered from the 
effects of the exposure and had regained any lost body weight. Special groups of rats, separate 
from those used to determine the relationship between intensity of exposure and survival, were 
examined for evidence of organic injury at varying times following the single exposures. 

Repeated Seven-Hour Exposures.—A glass-walled chamber such as that described for the 
single exposures was employed for the repeated seven-hour exposures at 3,000 ppm trichloro- 
ethylene vapor. A metal chamber of about 450-1. capacity was used for exposures at 100 ppm, 
and a rectangular galvanized sheet-metal box of about 1,700-1. capacity for exposures at 200 and 
and 400 ppm. The concentration of 100 ppm was attained by passing a metered amount of air 
through a vaporizer of liquid trichloroethylene and into the constant air flow entering the 
chamber. The other concentrations were obtained by metering liquid trichloroethylene and 
vaporizing this into the air flow entering the chamber. By means of a continuously recording 


analyzer, it was shown that in every case the vapor concentration was uniformly held within 
10% of the desired level. 


6. (a) The rabbit chow used was that made by the Ralston Purina Company, St. Louis. 
(b) The laboratory chow was that made by the same company. 

7. Irish, D. D., and Adams, E. M.: Apparatus and Methods for Testing the Toxicity of 
Vapors, Indust. Med. 9:1-4 (Industrial Hygiene Sec.) 1940. 
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In the repeated-exposure experiments, the vapor concentration was established after the 
animals had been loaded into the chamber. This was done by atomizing the required amount of 
trichloroethylene into the chamber with thorough mixing of the air by means of fans and then 
starting the air flow and the trichloroethylene feed so as to maintain the vapor concentration 
within the chamber. 

All the animals used in these experiments were carefully selected on the basis of general 
appearance, body weight, and growth during a preliminary period of observation. In each 
experiment two groups of controls were used, well-matched with the experimental animals in 
respect to number, age, sex, and body weight. The “unexposed controls” were simply main- 
tained in the animal quarters, while the “air-exposed controls” were exposed repeatedly to a 
flow of room air in a manner similar to that followed with the trichloroethylene-exposed animals. 

Throughout the experimental period each animal was weighed twice a week and observed 
frequently for general appearance and behavior. Growth curves were drawn for each group, 
and records were kept of food consumption and mortality. During the course of the experi- 
ments periodic hematological examinations were made on several groups of animals. Failing 
animals were killed for examination when moribund, or nearly so. All survivors were killed and 
examined for evidence of organic injury on the day following the last exposure. 

Examination for Organic Injury—aAll of the animals examined for organic injury were 
fasted overnight and then killed by decapitation. Observations on the gross appearance of each 
animal were made and final body weights obtained. The lungs, heart, liver, kidneys, spleen, 
and testes were weighed, and tissues were saved for the preparation of hematoxylin-and-eosin- 
stained sections. In many instances sections were also obtained of the following: adrenal gland, 
. pancreas, stomach, intestine, bone marrow, urinary bladder, ureter, lymph nodes, muscles, brain, 

and optic nerve. Frozen sections of the liver and the kidney were stained with Sudan IV and 
Oil Red O. i 

In many cases blood was obtained at the time of autopsy for the determination of urea 
nitrogen,® total nonprotein nitrogen, serum phosphatase,” and plasma-prothrombin-clotting time, 
the last by a modification of the method of Quick.!° Likewise, in many cases, a portion of the 
liver was frozen with solid carbon dioxide (dry ice) for subsequent lipid analyses. Total lipid was 
determined gravimetrically on an alcohol-ether extract; phospholipid was calculated from the 
total phosphorus content; free and esterified cholesterol were determined by separation as the 
digitonide and use of the Liebermann-Burchard reaction, and neutral fat was calculated by dif- 
ference. 


Wherever possible, the t-test’! was used in comparing the mean values obtained on the 
trichloroethylene-exposed groups with those of either the “air-exposed controls” or the 


“unexposed controls” as designated; probability values (P) of less than 0.05 indicated a signifi- 
cant difference. 


RESULTS OF SINGLE EXPOSURES OF RATS 


Mortality from Single Exposures—The total number of rats used and the 
number that died in consequence of each exposure are listed in Table 1. From these 
data, the exposures killing 100% and 0% of the rats were plotted in Chart 1. There 
are insufficient data to indicate more than the probable magnitude of the exposures 


8. Barker, S. B.: The Direct Colorimetric Determination of Urea in Blood and Urine, J. 
Biol. Chem. 152:453-463, 1944. 


9. Hoffman, W. S.: Photoelometric Clinical Chemistry, New York, William Morrow and 
Company, 1941, pp. 138-149. 


10. Quick, A. J.; Stanley-Brown, M., and Bancroft, F. W.: Study of the Coagulation 
Defect in Hemophilia and in Jaundice, Am. J. Med. Sc. 190:501, 1935. 

11. Fisher, R. A.: Statistical Methods for Research Workers, ed. 7, London, Oliver & Boyd, 
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of minimum intensity killing all rats, line AB, Chart 1. Emphasis was placed on 
the establishment of the exposures of maximum intensity allowing all rats to 
survive, since this measurement of toxicity was considered to be of greater impor- 
tance from the viewpoint of industrial hygiene. The line CD (Chart 1) was located 
by inspection to fit the points representing these exposures. 

Nature of Toxic Effects Produced by Single Exposures.—Trichloroethylene 
produced only one acute toxic effect of any importance, a depression of the central 
nervous system (anesthetic effect) with but little initial stimulation. This depres- 
sion was manifest by varying degrees of “drunkenness,” stupor, unconsciousness, 
and failure of respiration or, possibly, of cardiac function. Full anesthesia was 
apparent at concentrations of 4,800 ppm and above, but not at 3,000 ppm. All 
deaths occurred during the time animals were in the chamber or within a few 
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DURATION OF EXPOSURE IN HOURS 


Chart 1—Vapor toxicity of trichloroethylene. Line AB represents the least severe single 
exposures causing death in 100% of the rats, and Line CD the most severe single exposures 
permitting survival of 100% of the rats. Line EF represents the most severe single exposures 
without death or detectable organic injury in the rats. Point G represents the most severe 
repeated exposures of monkeys without detectable adverse effect; Point H, of rats and rabbits, 
and Point J, of guinea pigs. 


minutes after their removal. Survivors recovered rapidly from the anesthetic 
effects and thereafter showed no external signs of illness. 

Special groups of matched animals were killed and examined for evidence of 
organic injury 16 to 24 hours after undergoing exposures of various intensities 
within the range bounded by ABCD, Chart 1. 

A few minor changes were found in the rats that survived exposures which 
caused high mortality or which lasted for a number of hours. These changes were 
characterized by a slight increase in liver weight, with slight cloudy swelling (but 
no fat globules) observed histologically. Chemical analyses revealed a very slight 


increase of total lipid content in the livers of the animals that received the most 
severe exposures. 
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Single Exposures Having No Adverse Effect——The studies made to determine 
the nature of the toxic effects caused by the inhalation of trichloroethylene were 
arranged to show the single exposures of maximum intensity without any evidence 
of “organic injury.” The results of these experiments using groups of three to 
five male rats showed that exposures in close proximity to CD (Chart 1) failed to 
produce any evidence of injury. Accordingly, the line EF (Chart 1) was drawn 
to represent the single exposures without resultant death or “organic injury.” 
All of the exposures represented by the line EF (Chart 1) had a rather marked 
depressant action on the central nervous system, manifest at high vapor concentra- 
tions by a loss of equilibrium and coordination. At 3,000 ppm the rats exhibited 


Tasie 1.—Mortality of Rats Exposed to Trichloroethylene Vapor for Single Periods 


CIHC = CCle Concentration Period of Total Number 
ae Exposure, Number That 
PPM Mg./L Hr. of Rats 
20,000 108.0 5.0 20 20 
4.0 10 7 
3.0 10 3 
1.0 10 1 
0.8 5 ! 
0.6 20 4 
04 20 2 
0.3 20 0 
12,000 648 8.0 10 9 
7.0 
6.0 4 4 
50 10 9 
2.0 5 2 
1.0 2 
0.6 0 
9,600 41.8 2.0 15 8 
10 20 3 
0.8 2 0 
6,400 34.0 4.0 10 4 
2.0 1 1 
14 10 0 
10 20 0 
4,800* 25.9 8.0 30 6 
6.0 9 4 
4.0 10 3 
14 2 0 
3,000 16.2 4.0 10 2 
8.0 30 0 


*The earliest death observed for this concentration was at 2.25 hours. 


an abnormal quietness and lack of resistance to handling. No attempt was made 
to determine the exposures of maximum intensity without such functional disturb- 
ances; however, it was apparent that these exposures would fall considerably 
below EF (Chart 1). For example, definite disturbances were apparent within 0.1 
hour at 6,400 ppm and within 0.5 hour at 3,000 ppm. 


RESULTS OF REPEATED SEVEN-HOUR EXPOSURES 

Concentration: 3,000 PPM (16.2 Mg. per Liter) —(a) Rats: Groups of six 
male and six female rats received a total of 27 exposures during a period of 36 days. 
During this treatment one male control, one male experimental rat, and two female 
experimental rats died of pneumonia; one female experimental rat was accidentally 
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injured and therefore discarded. The experimental rats of both sexes which sur- 
vived grew as well as the controls. 

The gross response in these animals during the first week was only a mild 
disturbance of equilibrium and coordination (drunkenness), but, beginning in the 
second week, there were displayed extreme salivation, marked restlessness (moving 
continuously about the chamber), hyperexcitability, and marked scratch reflexes. 
These rats recovered quickly after being removed from the chamber and consumed 
sufficient food for normal growth. 

Average body weights and organ weights are summarized in Table 2. The 
e liver and kidney weights of both the male and the female rats were increased 
significantly. The final body weights and weights of the lungs, heart, spleen, and 
testes were not significantly different from those of the controls. In spite of the 
increased organ weights, histopathological examination of the tissues failed to 
reveal any abnormality in the male rats. Likewise, no change was found in the 
female rats with the possible exception of a few small fat vacuoles in the cytoplasm 
of the liver. The blood-urea-nitrogen values were normal. 


Tas_e 2.—Average Body Weights and Organ Weights from Male and Female Rats That Were 
Exposed to 3,000 PPM Trichloroethylene for 20 Seven-Hour Periods in Thirty-Six Days 


3 Av. Body 
rf i Wt., Gm. Organ Wt., Gm./100 Gm. Body Wt. 
A. 
: d Group Sex Rats ‘Initial Final ‘Lungs Heart Liver Kidneys Spleen Testes 
f 4 Unexposed (controls) ...... M 5 176 252 0.77 0.38 2.69 0.75 0.57 1.17 
4 Exposed to 3,000 ppm r 
trichloroethylene ......... M 174 0.71 0.40 3.38t 0.90 1.22 
u Unexposed (controls) ...... F 6 “2 170 0.85 041 2.58 0.79 0.38 
: 5 Exposed to 3,000 ppm 
= trichloroethylene ......... F 3 Ml 168 0.77 0.48 4.10 1.10+ 0.35 
*“P=0.13. 
+P = <0.001. 


(b) Rabbits: Two male rabbits were subjected to 27 exposures in 36 days. 
These animals maintained an essentially normal growth and showed only minor 
disturbances of equilibrium and coordination. Studies of organ weights revealed 
increases in the weights of the liver and the kidneys. However, blood-urea-nitrogen 
determinations gave normal values, and histopathological examination of the tissues 
showed no significant changes. 

Concentration: 400 PPM (2.15 Mg. per Liter).—(a) Rats: Groups of 15 male 
and 15 female rats tolerated as many as 173 exposures in 243 days without evidence 
of adverse effect as judged by mortality or general appearance and behavior. 
Growth curves (Chart 2) showed normal development of the female rats but a 
i depression in growth of the male rats. Periodic hematological examination of the 
female rats showed no values deviating significantly from control values. Average 
final body weights and organ weights are summarized in Table 3. The liver and 
kidney weights (both sexes) were significantly increased as compared with those 
of the air-exposed controls, but no significant changes were observed in any of 
the tissues on histopathological examination. There were no significant differences 
between the control animals and those exposed to 400 ppm trichloroethylene as 
judged by the following determinations: blood nonprotein nitrogen, urea nitrogen, 
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serum phosphatase, plasma prothrombin clotting time, and total lipid, neutral fat, 
phospholipid, and free and esterified cholesterol of the liver. 
Additional groups totaling 22 female rats tolerated 14 exposures in 18 days 
and showed no evidence of adverse effect when judged by the same criteria. 
(c) Guinea Pigs: Groups of eight male and eight female guinea pigs tolerated 
as many as 167 exposures in 235 days without showing any evidence of adverse 
effects as judged by mortality, general appearance and behavior, blood nonprotein 
nitrogen, urea nitrogen, serum phosphatase, plasma prothrombin clotting time, 
the total lipid, phospholipid, neutral fat, free and esterified cholesterol of the liver, 
and gross and microscopic examination of the tissues. Growth curves (Chart 3) 
indicated a depression of growth in both sexes. However, for the final body weights 
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Chart 2.—Growth curves of male and female rats that were repeatedly exposed for seven 
hours to a concentration of trichloroethylene of 400 ppm. 


TasLe 3.—Final Average Body and Organ Weights from Male and Female Rats That Were 
Exposed to 400 PPM Trichloroethylene for as Many as 173 Seven-Hour Periods in 243 Days 


Organ Wt., Gm./100 Gm. Body Wt. 


Av. Body — 
Group Sex Rats Wt.,Gm. Lungs Heart Liver Kidneys Spleen Testes 
Unexposed (controls) .........+.-- M 12 369 0.71 0.34 2.52 0.65 0.17 0.74 


Air-exposed (controls) ............ M 12 357 0.65 0.34 2.44 0.68 0.17 0.78 
Exposed to 400 ppm tricholoro- 
M ll 325* 0.75 0.37 2.73* 0.76+ 0.19 0.79 
Unexposed (controls) F 12 223 0.76 0.40 3.12 0.73 0.22 
Air-exposed (controls) ...........- F 12 219 0.83 0.42 2.72 0.74 0.21 


Exposed to 400 ppm tricholoro- 
ethylene ........ 15 208 0.84 0.42 3.07* 0.81* 0.22 
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*P=<0.01. 
+P = 0.02. 
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(Table 4) the difference was significant statistically only in the case of the male 
guinea pigs. Studies of organ weights (Table 4) revealed a significant increase 
in the weight of the liver in both sexes. 

An additional group of 15 male guinea pigs that received 14 exposures in 18 
days showed no evidence of adverse effects except for a slight retardation of growth. 

(d) Rabbits: Groups of two male and two female rabbits tolerated 161 
exposures in 225 days without evidence of adverse effects as judged by general 
appearance and behavior, mortality, growth, final body weights, blood nonprotein 
nitrogen, urea nitrogen, serum phosphatase, plasma prothrombin clotting time, and 
gross and microscopic examination of the tissues. Studies of organ weights revealed 
no abnormalities except for a slight increase in liver weights. 


MALE GUINEA PIGS 
- 8 ANIMALS PER GROUP AT START OF EXPT. 


GROUP LEGEND 
(UNEXPOSED CONTROLS) 


AVERAGE nv WEIGHT IN GRAMS 
\ 
| 


FEMALE GUINEA PIG 
6 ANIMALS PER GROUP AT START OF EXPT 
LEGEND 


30 4 S80 6 7 80 90 
NUMBER OF SEVEN-HOUR EXPOSURES 


1 


14 2e 42 To 26 40 154 
DAYS ON EXPOSURES 


Chart 3.—Growth curves of male and female guinea pigs that were repeatedly exposed for 
seven hours to a concentration of trichloroethylene of 400 ppm. 
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Taste 4.—Average Final Body and Organ Weights from Male and Female Guinea Pigs That 
Were Exposed to 400 PPM Trichloroethylene for as Many as 167 Seven-Hour Periods 
in 235 Days 


Organ Wt., Gm./100 Gm. Body Wt. 


Guinea Bod — 
Group Sex Pigs Wt., Gm. “Lungs Heart Liver Kidneys Spleen Testes 
Unexposed (controls) ............. M 7 903 0.75 0.31 2.81 0.65 0.10 0.50 
Air-exposed (controls) ............ M 7 873 0.70 0.31 2.70 0.66 0.12 0.51 
Exposed to 400 ppm tricholoro- 

M 7 0.75 0.34 3.07* 0.70 0.12 0.53 
Unexposed (controls) ............. F 8 886 0.68 0.27 2.96 0.56 6.11 
Air-exposed (controls) ............ F 5 855 0.66 0.28 3.06 0.63 0.12 
Exposed to 400 ppm tricholoro- 

F 8 825 0.71 0.30 0.63 0.12 


<0.0 
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(e) Monkey: One male monkey tolerated a total of 161 exposures in 225 
days without evidence of adverse effect as judged by general appearance and 
behavior, growth, periodic hematological examination, blood nonprotein nitrogen, 
urea nitrogen, serum phosphatase, plasma prothrombin clotting time, the total 
lipid, neutral fat, phospholipid, free and esterified cholesterol of the liver, and 
gross and microscopic examination of the tissues. 

Concentration: 200 PPM (1.08 Mg. per Liter).—(a) Rats: Groups of 15 
male and 15 female rats tolerated as many as 151 exposures in 205 days without 
adverse effect as judged by general appearance and behavior, mortality, growth 
(Chart 4), periodic hematological examination, final body and organ weights 
(Table 5), and gross and microscopic examination of the tissues. Determinations 
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Chart 4.—Growth curves of male and female rats that were repeatedly exposed for seven 
hours to a concentration of trichloroethylene of 200 ppm. 


TABLE 5.—Average Final Body Weights and Organ Weights from Male and Female Rats That 
Were Exposed to 200 PPM Trichloroethylene for as Many as 151 Seven-Hour Periods 
in 205 Days 


Organ Wt., Gm./100 Gm. Body Wt. 


Av. Body - 
Group Sex Rats Wt.,Gm. Lungs Heart Liver Kidneys Spleen Testes 
Unexposed (controls) M 7 349 0.60 0.33 2.62 0.69 0.28 0.83 
Air-exposed (controls) M ll 349 0.67 0.35 2.56 0.72 0.19 0.88 
Exposed to 200 ppm trichloro- 


ethylene ........... Cea covereccares M 9 341 0.72 0.33 2.75 0.81 0.25 0.83 
Unexposed (controls) ............. F ll 209 0.72 0.40 2.82 0.76 0.35 einen 
Air-exposed (controls) ............ F 13 204 0.73 0.37 2.76 0.77 0.34 
Exposed to 200 ppm trichloro- 

F 14 207 0.75 0.35 2.86 0.80 0.21 
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of blood nonprotein nitrogen, urea nitrogen, serum phosphatase, plasma 
prothrombin clotting time, and the total lipid, neutral fat, phospholipid, and free and 
esterified cholesterol of the liver showed only normal results. 

(b) Guinea Pigs: Groups of eight male and eight female guinea pigs tolerated 
as many as 163 exposures in 227 days without evidence of adverse effects as judged 
by general appearance and behavior, mortality, organ weights (Table 6), and gross 
and microscopic examination of the tissues. Determinations of blood nonprotein 
nitrogen, urea nitrogen, serum phosphatase, plasma prothrombin clotting time, and 
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Chart 5.—Growth curves of male and female guinea pigs that were repeatedly exposed for 
seven hours to a concentration of trichloroethylene of 200 ppm. 


TasLe 6.—Final Average Body Weights and Organ Weights from Male and Female Guinea 
Pigs That Were Exposed to 200 PPM Trichlorocthylene for as Many as 163 Seven-Hour 
Periods in 227 Days 


Av. Organ Wt., Gm./100 Gm. Body Wt. 
‘4 Group Sex Pigs Wt.,Gm. Lungs Heart Liver Kidneys Spleen Testes 
Guinea Body —— x 
Unexposed (controls) M 8 881 0.70028 2.67 0.60 
Air-exposed (controls) M 6 826 0.88 0.28 2.389 0.62 0.10 0.42 


Exposed to 200 ppm trichloro- 
@thyleme 
Unexposed (controls) 
Air-exposed (controls) 
Exposed to 200 ppm trichloro- 
Oth F 8 1.04 0.27 2.94 0.62 0.13 


7 704* 0.95 0.31 2.97 0.66 0.10 0.45 
F 8 855 0.78 0.26 2.94 0.59 0.15 eeee 
7 859 0.98 0.25 2.70 0.59 0.12 


Compared with air-exposed controls: 
at +P=0.%. 
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the total lipid, phospholipid, neutral fat, and free and esterified cholesterol of the 
liver produced only normal results. However, significant decreases were exhibited 
by each sex in growth (Chart 5) and final body weights (Table 6). 

Additional groups of 12 male and 5 female guinea pigs tolerated 13 exposures 
in 17 days without evidence of adverse effects except a slight retardation of growth. 

(c) Rabbits: Groups of two male and two female rabbits tolerated 178 
exposures in 248 days without evidence of adverse effect as judged by general 
appearance and behavior, growth, mortality, final body and organ weights, blood 
nonprotein nitrogen, urea nitrogen, serum phosphatase, plasma prothrombin clotting 
time, and gross and microscopic examination of the tissues. 
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Chart 6.—Growth curves of male and female guinea pigs that were repeatedly exposed for 
seven hours to a concentration of trichloroethylene of 100 ppm. 


TasLe 7.—Final Average Body Weights and Organ Weights from Guinea Pigs That Were 
Exposed to 100 PPM Trichloroethylene for 132 Seven-Hour Periods in 185 Days 


Av. Organ Wt., Gm./100 Gm. Body Wt. 
Guinea Body — 
Group Sex Pigs Wt.,Gm. Lungs Heart Liver Kidneys Spleen Testes 
Air-exposed (controls) ........... M 6 821 0.74 0.38 2.80 0.56 0.10 0.48 
Exposed to 100 ppm trichloro- 
M 7 864 0.66 0.27 3.00" 0.56 0.10 0.46 
Air-exposed (controls) ..........- F 4 923 0.77 0.25 8.07 0.49 0.11 


Exposed to 100 ppm trichloro- 
rr rr rrr F 3 912 0.75 0.26 3.36t 0.52 0.11 
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(d) Monkeys: Two male monkeys tolerated 148 seven-hour exposures in 212 
days without evidence of adverse effect as judged by general appearance and 
behavior, growth, periodic hematological examination, final body and organ 
weights, the usual chemical studies on the blood and the liver, and gross and micro- 
scopic examination of the tissues. 

Concentration: 100 PPM (0.54 Mg. per Liter).—Groups of seven male and 
four female guinea pigs tolerated 132 exposures in 185 days without evidence 
of adverse effect as judged by general appearance and behavior, mortality, growth 
(Chart 6), final body and organ weights (Table 7), blood urea nitrogen values, 


the usual lipid-partition determinations on the liver, and gross and microscopic 
examination of the tissues. 


SIGNIFICANCE OF RESULTS 


The acute experiments with rats indicate that trichloroethylene has only one 
acute toxic effect of any importance, namely, a depressant action on the central 
nervous system (anesthetic action), and that the capacity to cause “organic injury” 
or morphologic change is of minor importance. This agrees with the results of 
nearly all other laboratory investigations '* and apparently with the experience of 
human subjects using this solvent.’* The latter experience goes much further than 
do the animal data in describing the exact nature of the acute response. The 
minimal response in human subjects consists of such effects as lightheadedness, 
dizziness, vertigo, exhilaration, mental dulness, disturbances of equilibrium and 
coordination, all commonly described as drunkenness or inebriation. More serious 
disturbances consist of collapse, unconsciousness, paralysis of respiration, and, 
possibly, cardiac arrhythmia,’* or sudden heart failure.'® 

The quantitative data on acute toxicity, represented by lines 4B and CD, Chart 
1, appear to be satisfactory measures of the capacity of trichloroethylene to kill by 
single exposures. The break in line CD at about 5,000 ppm appears to be real and 
significant. The data represented by EF, Chart 1, serve to emphasize the inability 
of trichloroethylene to cause organic or morphological injury of any consequence. 
Because of the nature of the minimal acute effects (anesthetic effects) produced 
hy this chlorinated hydrocarbon, a satisfactory estimate of the single exposures 
of maximum intensity without any adverse effect was not obtained from the work 
with laboratory animals; such exposures must be determined directly on human 
subjects. It is rather certain, however, that they will have intensities considerably 
less than those represented by EF. 


The exact basis of the growth depression and of the minor tissue changes 
observed after excessive repeated trichloroethylene exposures was not apparent 
from the examination of the animals. In the absence of any evidence of significant 
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13. (a) Eichert, H.: Trichloroethylene Intoxication, J. A. M. A. 106:1652-1654 (May 9) 
1936. (b) Chemical Safety Data Sheet SD-14: Trich!oroethylene, Washington, D. C., Manufac- 
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Harpers & Brothers, 1934. (d) Seifter.4a 
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organic injury the question naturally arises whether these changes may not be 
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related to the more obvious “anesthetic” effects observed at high concentrations 
of the agent. Certainly, the response of the rats undergoing daily exposures at 
3,000 ppm represents a functional disturbance of the nervous system; in fact, the 
response suggests a stimulation or an “irritation” of autonomic nervous tissues. 
The question also arises whether this minimal response of laboratory animals 
may be related to the minimal response of human subjects, such as fatigue, headache, 
gastrointestinal disturbances, and anorexia. It appears rather probable that the 
chronic effects of trichloroethylene represent functional disturbances of the nervous 
system, at least primarily, and that autonomic nervous tissues may be involved. 

The quantitative data on chronic toxicity represented by J and J, Chart 1, show 
a much greater activity than has been indicated previously by work on laboratory 
animals.'* The close correlation between these results and the experience of human 
subjects working with trichloroethylene gives assurance that the measures of 
toxicity accurately reflect the chronic effects of this solvent. These data show that 
chronic adverse effects can occur at intensities of exposure far less than those 
which are serious to life, although probably not much less than those intensities 
of single exposure which cause mild inebriation. 

_ In regard to the repeated exposures of maximum intensity without adverse 
effects in human subjects it is concluded that for uniform daily exposures of about 
seven hours’ duration there is little probability of any adverse effects if the vapor 
concentrations are kept below 200 ppm; the prcbability of any effect whatsoever 
is extremely small if concentrations are kept below 100 ppm. 


SUMMARY 

Groups of rats were exposed to trichloroethylene vapor for single periods on 
a varying concentration-time basis. The results permitted the graphing of lines 
representing the following conditions: (1) the least severe single exposures causing 
death of 100% of the animals; (2) the most severe single exposures permitting 
survival of 100% of the animals; (3) the most severe single exposures without 
death or organic injury. Typical results were as follows: 

100% survival—0.4 hour at 20,000 ppm, 0.6 hour at 12,000 ppm, 1.4 hour at 6,400 ppm, and 
7.0 hours at 3,000 ppm. 


No adverse effect—0.3 hour at 20,000 ppm, 0.6 hour at 12,000 ppm, 1.4 hour at 4,800 ppm, 
and 5.0 hours at 3,000 ppm. 


Four animal species were exposed seven hours daily, 5 days a week, to tri- 
chloroethylene vapor for about six months. Maximum trichloroethylene concen- 
trations without adverse effects were as follows: monkey, 400 ppm; rat and rabbit, 
200 ppm; guinea pig, 100 ppm. 

Observations on experimental animals indicated that the only toxic effect of 
importance following single exposures to trichloroethylene vapor was a depressant 
action on the central nervous system (anesthetic action). The capacity to cause 
organic injury was of minor importance even on repeated exposures. 

It is concluded that for uniform daily exposures of about seven hours’ duration 
there is little probability of any adverse effects on human subjects if trichloroethylene 
concentrations are kept below 200 ppm; the probability of any effect whatsoever is 
extremely small if concentrations are kept below 100 ppm. 


The analytical work on lipid constituents of the liver was done by Mrs. Norabelle T. Williams. 


16. Taylor! Barrett and others.2 von Oettingen.* 
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VAPOR TOXICITY OF ETHYLENE DICHLORIDE DETERMINED BY 
EXPERIMENTS ON LABORATORY ANIMALS 


H. C. SPENCER, Ph.D. 
V. K. ROWE, MS. 
E. M. ADAMS, Ph.D. 


D. D. McCOLLISTER, B.S. 
AND 
D. D. IRISH, Ph.D. 
MIDLAND, MICH. 


THYLENE dichloride (1,2-dichloroethane) is widely used as a constituent of 

fumigants, as a commercial solvent, and as a chemical intermediate. 

The early pharmacological and toxicological literature has been reviewed by 
von Oettingen ' and by Heppel and associates *; both acute * and chronic ** toxicity 
studies have been reported. 9 

The present experimental work was carried out as a part of a comparative study 
of the toxicity of vapors of the four chlorinated hydrocarbons: ethylene dichloride, 
trichloroethylene, tetrachloroethylene, and carbon tetrachloride. These studies were 
undertaken so that the health problems associated with the use of these materials 
could be more fully evaluated. 

In this comparative study considerable emphasis was placed on quantitative 
measures of acute toxicity (for the rat) in terms of both capacity to kill and capacity 
to cause injury (nonfatal). It has been felt that acute toxicity is as important for 


From the Biochemical Research Department, The Dow Chemical Company. 

A summary of this work was presented at the Eleventh Annual Meeting of the American 
Industrial Hygiene Association, in Chicago, April 27, 1950. 

1. von Oettingen, W. F.: The Halogenated Hydrocarbons: Their Toxicity and Potential 
Dangers, J. Indust. Hyg. & Toxicol. 19:349-448, 1937. 

2. (a) Heppel, L. A.; Neal, P. A.; Endicott, K. M., and Porterfield, V. T.: Toxicology of 
Dichloroethane: I. Effect on the Cornea, Arch. Ophth. $2:391-394 (Nov.) 1944. (b) Heppel, 
L. A.; Neal, P. A.; Daft, F. S.; Endicott, K. M.; Orr, M. L., and Porterfield, V. T.: 
Toxicology of 1,2-Dichloroethane: II. Influence of Dietary Factors on the Toxicity of Dichloro- 
ethane, J. Indust. Hyg. & Toxicol. 27:15-21, 1945. (c) Heppel, L. A.; Neal, P. A.; Perrin, 
T. L.; Endicott, K. M., and Porterfield, V. T.: The Toxicology of 1,2-Dichloroethane: III. Its 
Acute Toxicity and the Effect of Protective Agents, J. Pharmacol. & Exper. Therap. 84:53-63, 
1945. (d) Heppel, L. A.; Porterfield, V. T., and Sharpless, N. E.: Toxicology of 1,2-Dichloro- 
ethane: IV. Its Detoxication by L-Cystine, DL-Methionine and Certain Other Sulfur Contain- 
ing Compounds, ibid. 91:385-394, 1947. (¢) Heppel, L. A.; Neal, P. A.; Perrin, T. L.; 
Endicott, K. M., and Porterfield, V. T.: The Toxicology of 1,2-Dichloroethane: V. The Effects 
of Daily Inhalations, J. Indust. Hyg. & Toxicol. 28:113-120, 1946. 

3. (a) Sayers, R. R.; Yant, W. P.; Waite, C. P., and Patty, F. A.: Acute Response of 
Guinea Pigs to Vapors of Some New Commercial Organic Compounds: I. Ethylene Dichloride. 
Pub. Health Rep. 45:225-239, 1930. (b) Heppel and others.2¢ 
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industrial hygiene as is chronic toxicity. Accordingly, more satisfactory means of 
measuring acute toxicity and of obtaining useful information by comparing the 
results with measures of chronic toxicity have been explored. 


EXPERIMENTAL PROCEDURES 


Material Tested—Ethylene dichloride, CHsCl-CH:Cl, is a colorless liquid of a specific 
gravity of 1.256 at 20 C. (water 1), with a melting point of —35.5 C. and a boiling point of 
83.5 C. It is soluble in water to the extent of 0.81 gm. per 100 gm. at 20 C. and is freely 
miscible with alcohol and with ether. Ethylene dichloride is stable at moderate temperatures 
and burns with difficulty. 

The material used in this experimental work consisted of four individual samples of a 
commercial product, all purified by redistillation. The. infrared-absorption spectra of these 
samples indicated purities of at least 99.7%. The only impurity identified was trichloroethylene. 


Source and Feeding of Animals—The albino rats were raised in this laboratory of stock 
originally obtained from the Wistar Institute of Anatomy and Biology in 1938. They were 
maintained on a modified Sherman diet consisting of freshly ground whole wheat (55%), dried 
whole milk (25%), dried extracted liver (12%), dried brewer's yeast (5%), iodized table salt 
(2%), and calcium carbonate (1%). 

The guinea pigs were of a heterogeneous stock purchased from a commercial breeder. They 
were fed a commercial rabbit chow ## (complete ration), alfalfa hay, and cabbage. 

The albino rabbits were a heterogeneous stock raised in this laboratory on the same chow * 
(complete ration) and alfalfa hay. 

The rhesus monkeys were imported animals, kept in the laboratory for several months before 


use. They were fed a variable diet of a commercial laboratory chow,*” peanuts, fruits, and 
vegetables. 


Single Exposures—A glass-walled chamber of about 160-liter capacity, similar to that 
previously described,5 was used. Two large copper tubes (closed with rubber stoppers) were 
soldered into the monel top of the chamber so that rats could be introduced conveniently after 
a vapor concentration had been established. A constant air flow was maintained through the 
chamber, the lowest rate for any experiment being about 15 liters per minute and the highest 
about 30 liters per minute. The desired vapor concentration was obtained by metering liquid 
ethylene dichloride at a constant rate into the tube through which air entered the chamber, heat 
being applied at the point of vaporization as needed to effect complete volatilization. All vapor 
concentrations with animals in the chamber were checked repeatedly from time to time by 
combustion analyses; the results averaged better than 90% of the calculated theoretical con- 
centrations of ethylene dichloride. 

The rats were introduced in groups of 5 to 12 within a period of 15 seconds and were 
removed through the chamber door within a similar interval of time at the end of the exposure. 
It was shown by a continuously recording analyzer that the animals were introduced without 
appreciable alteration of the vapor concentration. 

All the rats were selected on the basis of general appearance and apparent good health, males 
and females being used in approximately equal numbers. Animals that received single exposures 
were observed as to their behavior, body weight changes, and time of death. Survivors were 
observed for two to three weeks, or until it was certain that they had fully recovered from the 
effects of the exposure as judged by appearance, behavior, and recovery of weight. Special 
groups of rats, separate from those used to determine the relationships between intensity of 
exposure and survival, were examined for evidence of organic injury at varying times following 
the single exposures. 

Repeated Seven-Hour Exposures—A metal chamber of about 450-liter capacity was used for 
exposures at 200 ppm; and a rectangular galvanized sheet-metal box of about 1,700-liter capacity 
was used for exposures at 400 and 100 ppm. The concentration of 200 ppm was attained by 


4. (a) The rabbit chow used was that made by the Ralston Purina Company, St. Louis. 
(b) The laboratory chow used was that made by the same company. 

5. Irish, D. D., and Adams, E. M.: Apparatus and Methods for Testing the Toxicity of 
Vapors, Indust. Med. 9:1-4, 1940. 
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passing a metered amount of air through a vaporizer containing liquid ethylene dichloride and 
into the constant air flow entering the chamber. The other concentrations were obtained by 
metering liquid ethylene dichloride and vaporizing this into the air flow entering the chamber. 
By means of a continuously recording analyzer, it was shown that in every case the vapor was 
uniformly held within 10% of the desired concentration of ethylene dichloride. 

In the repeated exposure experiments the vapor concentration was established after the 
animals had been placed in the chamber. This was done by atomizing the required amount of 
ethylene dichloride into the chamber with thorough mixing of the chamber air by means 
of fans, and then starting the air flow and the ethylene dichloride feed so as to maintain the 
concentration. 

All of the animals used in these experiments were carefully selected on the basis of general 
appearance, body weight, and growth during a preliminary period of observation. In each 
experiment two groups of controls were used, well-matched with the experimental animals in 
respect to number, age, sex, and body weight. The “unexposed controls” were simply main- 
tained in the animal quarters, while the “air-exposed controls” were exposed repeatedly to 
room air in a chamber similar to that used for the ethylene dichloride-exposed animals. 
Routinely, the animals were exposed seven hours daily, five days a week. 

Throughout the experimental period each animal was weighed twice a week and observed 
frequently for general appearance and behavior. Growth curves were drawn for each group, and 
records were kept of food consumption and mortality. During the course of the experiments, 
periodic hematological examinations were made on several groups of animals. Failing ainimals 
were killed’ for examination when moribund or nearly so. All survivors were killed and 
examined for evidence of organic injury on the day following the last exposure. 

Examination for Organic Injury.—All of the animals examined for organic injury were 
fasted overnight, weighed, and then killed by decapitation. The gross appearance of each 
animal was observed, and the lungs, heart, liver, kidneys, spleen, and testes were weighed. 
Tissues from these organs were saved for the preparation of hematoxylin-and-eosin-stained 
sections, and in many instances sections of the following were prepared also: adrenal gland, 
pancreas, stomach, intestine, bone marrow, urinary bladder, ureter, lymph nodes, muscle, brain, 
and optic nerve. Frozen sections of the liver and a kidney were stained with Sudan IV and 
Oil Red O. 

In many cases blood was obtained at the time of autopsy for the determination of the 
following: urea nitrogen® and/or total nonprotein nitrogen; serum phosphatase’?; plasma 
prothrombin clotting time by a modification of the method of Quick.’ Likewise, in many cases 
a portion of the liver was frozen with solid carbon dioxide (dry ice) for subsequent lipid 
analyses. Total lipid was determined gravimetrically on an alcohol-ether extract; phospholipid 
was calculated from the total phosphorus content; free and esterified cholesterol were deter- 
mined by separation as the digitonide and use of the Liebermann-Burchard reaction, and neutral 
fat was calculated by difference. 

Wherever possible, the t-test ® was used in comparing the mean values obtained on the 
ethylene dichloride-exposed groups with those of the air-exposed controls or unexposed controls 
as designated; probability values (P) of less than 0.05 indicated a significant difference. 


RESULTS OF SINGLE EXPOSURES OF RATS 


Mortality from Single Exposures.—The total number of rats used and the num- 
ber that died from each exposure are listed in Table 1. From the data at 1,000, 
1,500, 3,000 and 12,000 ppm, the exposures producing death in 0.01, 50, and 


6. Barker, S. B.: The Direct Determination of Urea in Blood and Urine, J. Biol. Chem. 
152: 453-463, 1944. 

7. Hoffman, W. S.: Photelometric Clinical Chemistry, New York, William Morrow & Co., 
1941, p. 138-149. 

8. Quick, A. J.; Stanley-Brown, M., and Bancroft, F. W.: Study of the Coagulation Defect 
in Hemophilia and in Jaundice, Am. J. M. Sc. 190:501-511, 1935. 

9. Fisher, R. A.: Statistical Methods for Research Workers, ed. 7, London, Oliver & 
Boyd, Ltd., 1938. 
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99.99% of the rats were determined statistically according to the method described 
by Litchfield and Wilcoxon.’® These points were plotted on log-log ordinates and 
the lines AB, XY, and CD (Chart 1) drawn to represent the exposures producing 
death in essentially all of the rats (L. D.99.99), 50% (L. D.s0), and essentially none 
of the rats (L. D.oo1), respectively. The average factors for determining 19/20 
confidence limits were 1.09 for the L. D.,, points and 1.45 for the points represent- 
ing the two extremities. 


Taste 1. —Mortality of Rats Exposed to Various Concentrations of Ethylene 
Dichloride for Single Periods 


CHeCl-CHe-Cl 
Concentration 


PPM Mg./L. Hr. ti 
20,000 81.9 0.1 10 0 
0.2 20 0 
0.3 20 16 
04 20 20 
0.6 10 10 
12,000 48.6 01 10 0 
0.2 41 0 
03 52 0 
04 41 4 
0.5 22 
0.6 42 30 
0.7 43 38 
08 31 30 
1a 22 22 
8,000 12.1 0.5 22 0 
0.7 4 1 
10 82 1 
16 44 1 
2.0 61 6 
3.0 40 24 
4.0 40 38 
5.0 22 22 
6.0 20 20 
1,500 6.1 2.0 10 0 
3.0 24 1 
4.0 41 2 
6.0 10 7 
7.0 30 
8.0 10 7 
1,000 4.0 6.0 22 5 
7.0 31 17 
8.0 32 20 
800 3.2 7.0 30 10 
600 24 5.0 20 0 
7.0 33 3 
8.0 20 4 
300 12 7.0 20 0 


Gross Response——Ethylene dichloride produced a considerable depression of 
the central nervous system, sufficient at 22,000 ppm to cause deaths within 0.4 
hour. At 12,000 ppm and at lower concentrations this depressant action resulted 
in varying degrees of “drunkenness” but not unconsciousness or death within the 
duration of the exposures employed. The inactivity or stupor and the slowness of 
response to handling observed at vapor concentrations of 3,000 ppm and lower may 
have been due, in part at least, to toxic injury other than the depression of the 
central nervous system; the prolonged exposures at these lower concentrations 
produced appreciable organic injury. 


10. Litchfield, J. T., Jr., and Wilcoxon, F.: A Simplified Method of Evaluating Dose-Effect 
Experiments, J. Pharmacol. & Exper. Therap. $6:99-113, 1949. 
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Deaths of rats tended to occur at three different time intervals and in such a 
manner as to suggest three separate toxic actions of fatal degree. At 20,000 ppm 
deaths occurred in deep anesthesia during the period of exposure, undoubtedly due 
to depression and paralysis of function of the central nervous system. At all vapor 
concentrations a large proportion of the rats died rather suddenly and quietly 
a few hours after being removed from the chamber, showing marked cyanosis, 
reduced body temperature, stupor or coma, and failing respiration. The character 
of this response and its sudden development often after apparent full recovery 
suggest “shock” or cardiovascular collapse. All other deaths occurred over a period 
of two to seven days with progressive loss of weight and other evidence of toxic 
effects. These deaths appeared to be the result of injury to the kidney. 

Organic Injury—Special groups of animals were killed and examined for evi- 
dence of organic injury at various intervals of time after receiving exposures within 
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DURATION OF EXPOSURE IN HOURS 


Chart 1.—Vapor toxicity of ethylene dichloride. Line AB represents single exposures pro- 
ducing death in 99.99% of the rats; Line XY, single exposures producing death in 50%, and 
Line CD, those producing death in 0.01%. Line EF represents the most severe single exposures 
without detectable adverse effect in rats. Point G represents the most severe repeated exposures 
of rats without detectable adverse effect; Point H, of rabbits; Point J, of monkeys and guinea 
pigs. 


the range bounded by ABCD (Chart 1). The evidence of organic injury consisted 
of the following: decrease in body weight ; increase in weights of liver and kidneys ; 
increase in blood urea nitrogen; increase in plasma prothrombin clotting time; 
decrease in serum phosphatase; increase in liver lipids; histopathological changes 
in kidney, liver, and adrenal. 

The histopathological changes were most pronounced in the kidney and consisted 
of varying degrees of tubular damage, ranging from slight parenchymatous degen- 
eration of the epithelium to complete necrosis and accompanied by interstitial edema, 
congestion, and hemorrhage. Animals showing severe renal damage had extremely 
high concentrations of urea nitrogen in the blood. 
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In the liver the histopathological changes ranged from slight congestion and 
slight parenchymatous degeneration to marked hemorrhagic necrosis. Although 
a few diffusely distributed fat globules were found in some of the severely affected 
livers, typical “fatty degeneration” was not observed. 

The adrenal changes were limited chiefly to congestion and hemorrhage, although 
in the most severely affected animals there was some parenchymatous degeneration 
of the adrenal cortex. Only at vapor concentrations above 3,000 ppm was there 
evidence of pulmonary congestion and edema. 

Single Exposures Having No Adverse Effect—The studies made to determine 
the nature of the toxic effects caused by the inhalation of ethylene dichloride vapor 
were extended to permit an estimation of the single exposures of maximum intensity 
without any evidence of toxic injury. The results of these experiments using groups 
of four to six female rats are summarized in Table 2. From these data the line EF 
(Chart 1) was located by inspection to represent the most severe single exposures 
which were without detectable adverse effect on rats. 


TABLE 2.—Single Ethylene Dichloride Exposures Having No Adverse Effect on Female Rats 


CH2Cl-CHeCl Hours of Exposure 
Concentration 


“PPM Mg./L. 


‘Without Adverse With Adverse’ 
Effect Effect 


12,000 48.6 0.1 0.2 
3,000 12.1 0.3 0.5 
1,000 40 15 3.0 

300 12 3.0 5.5 


200 


0.8 70 


RESULTS OF REPEATED SEVEN-HOUR EXPOSURES 


Concentration: 400 PPM (1.62 Mg. per Liter) —(a) Rats: Groups of 15 male 
and 15 female rats, subjected to repeated seven-hour exposures, experienced severe 
intoxication. No female rat survived more than 10 exposures in 14 days, and no 
male rat survived more than 40 exposures in 56 days. 

In additional groups of 20 male and 20 female rats each, given two and three 
exposures, mortality was high (60%). Surviving animals were killed and exam- 
ined for significant changes as compared with groups of unexposed controls. The 
experimental animals showed a rapid loss in body weight and a slight increase in 
the weights of the liver and the kidneys. Histopathological examination of the 
tissues revealed slight cloudy swelling of the liver with a few large fat vacuoles, 
principally centrolobular in distribution; no significant changes were observed in 
the kidneys or other organs examined. Analyses of the livers from the female rats 
indicated a slight increase in the total lipid content, due chiefly to an increase in 
neutral fat. There was no significant difference between the values obtained on the 
experimental and control groups so far as the following determinations on the blood 
were concerned: urea nitrogen, nonprotein nitrogen, serum phosphatase, and 
plasma prothrombin clotting time. 


(b) Guinea Pigs: Groups of eight male and eight female guinea pigs were sub- 
jected to repeated seven-hour exposures. These animals experienced such severe 
intoxication that no male guinea pig survived more than 10 exposures in 14 days 
and no female survived more than 24 exposures in 32 days. 
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Additional groups of two male guinea pigs each were killed after 1, 3, 4, and 10 
exposures and examined for significant changes as compared with a group of 
unexposed controls. The experimental animals showed a rapid loss in body weight 
and an increase in the weights of the liver and the kidneys. Histopathological 
examination of the tissues revealed slight-to-moderate central fatty degeneration 
of the liver and slight-to-moderate cloudy swelling of the tubular epithelium of the 
kidneys; no alterations were observed in the other tissues examined. An average 
blood nonprotein nitrogen concentration of 91.6 mg. per 100 cc. was obtained on 
the ethylene dichloride-exposed animals, compared with an average of 61.6 for the 
controls; the average blood urea nitrogen values were 42.8 and 20.2 mg. per 100 
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Chart 2—Growth curves of male and femaie rats that were repeatedly exposed for seven 
hours to a 200-ppm ethylene dichloride vapor. 


Tas_e 3.—Final Average Body Weights and Organ Weights from Male and Female 
Rats That Were Exposed to 200 PPM Ethylene Dichloride for 
151 Seven-Hour Periods in 212 Days 


Av. 
ad Organ Weights, Gm./100 Gm. Body Wt. 
A. 


Group Gm. “Lung Heart Liver Kidneys Spleen Testes 
Unexposed (controls) 226 0.75 0.40 2.76 0.76 0.24 
Air-exposed (controls) 220 0.71 0.38 2.48 0.68 0.18 
Exposed to 200 ppm ethylene 
dichloride F 223 0.36 0.80 0.18 
360 
358 


Unexposed (controls) 0.36 2. 0.66 0.16 
Air-exposed (controls) 0.62 0.18 
Exposed to 200 ppm 

dichloride M 381 i 0.68 0.16 
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ce., respectively. No appreciable deviation from the control values was evident in 
the case of serum phosphatase or plasma prothrombin clotting time. 

(c) Rabbits: Two male rabbits and one female rabbit tolerated 165 exposures 
in 232 days with no evidence of intoxication as judged by general appearance and 
behavior, mortality, and body weight during the course of the experiment. At the 
termination of the experiment no adverse effects were noted on gross and micro- 
scopic examination of the tissues, nor from the following determinations: organ 
weights, blood nonprotein nitrogen, urea nitrogen, serum phosphatase, and plasma 
prothrombin clotting time. 


(d) Monkeys: Two male animals that were subjected to repeated seven-hour 

exposures experienced rapid and severe intoxication. One monkey, killed in a 

moribund state after eight exposures, showed the following changes as compared 

with control monkeys: enlargement of the liver with increases of neutral fat and 

esterified cholesterol content; marked degeneration and vacuolation of liver cells; 

moderate degeneration of the epithelium of the renal tubules with cast formation 

and distention of the lumens ; and increased plasma prothrombin clotting time. The 

second monkey, killed after 12 exposures, showed similar changes but of consider- 

. ably milder degree. Hematological values obtained on these monkeys, either mid- 

way in the experiment or terminally, showed no significant changes as compared 
with values obtained in one to three preexposure examinations. 

Concentration: 200 PPM (0.81 Mg. per Liter).—(a) Rats: Groups of 15 male 
and 15 female rats tolerated 151 exposures in 212 days and showed no evidence of 
adverse effects as judged by general appearance and behavior, growth (Chart 2), 
mortality, final body and organ weights (Table 3), periodic hematological exam- 
ination, and gross and microscopic examination of the tissues. Determinations of 
blood nonprotein nitrogen, urea nitrogen, serum phosphatase and plasma prothrom- j 
bin clotting time yielded no abnormal results as compared with control values. 
Analyses of the livers for total lipid content, phospholipid, neutral fat, and free and ; 
esterified cholesterol likewise presented no evidence of adverse effect. 

(b) Guinea Pigs: Groups of eight male and eight female guinea pigs tolerated 
180 exposures in 246 days. The experimental groups did not appear to grow as 
well as the control groups (Chart 3). However, the final body weights (Table 4) 
were significantly different from the control weights only in the case of the male 
guinea pigs. Organ weight studies (Table 4) revealed no significant deviations 
from the control values. The blood urea nitrogen, nonprotein nitrogen, serum 
phosphatase, and plasma prothrombin clotting time values were normal. Micro- 
scopic examination of the tissues revealed no evidence of organic injury except 
that about half of the guinea pigs examined (both sexes) exhibited slight paren- 
chymatous degeneration of the liver, with a few fat vacuoles diffusely distributed. 
Liver-lipid analyses indicated on the average a slight increase over the controls in 
total lipid, phospholipid, neutral fat, and free and esterified cholesterol. 

Concentration: 100 PPM (0.405 Mg. per Liter) —(a) Rats: Groups of 15 male 
and 15 female rats were subjected to repeated seven-hour exposures. The male rats 
tolerated as many as 151 exposures in 211 days and the female rats as many as 142 
exposures in 198 days without evidence of adverse effects as judged by general 
appearance and behavior, mortality, growth, final body and organ weights, periodic 
hematological examination, and gross and microscopic examination of the tissues. 
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The values for blood nonprotein nitrogen, urea nitrogen, serum phosphatase, and 
plasma prothrombin clotting time and the results of studies of the total lipid phos- 
pholipid, neutral fat, and free and esterified cholesterol of the liver were all normal. 

(b) Guinea Pigs: Groups of eight male and eight female guinea pigs were sub- 
jected to repeated seven-hour exposures. The males tolerated 121 exposures in 
170 days and the females 162 exposures in 226 days and showed no evidence of 
adverse effects as judged by mortality, growth (Chart 4), final body and organ 
weights (Table 5), blood nonprotein nitrogen, urea nitrogen, serum phosphatase, 
plasma prothrombin clotting time, and gross and microscopic examination of the 
tissues. Analyses for the total lipid, phospholipid, neutral fat, and free and esterified 
cholesterol of the liver produced only normal results. 
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Chart 3.—Growth curves of male and female guinea pigs that were repeatedly exposed for 
seven hours to a 200-ppm ethylene dichloride vapor. 


TasLe 4.—Final Average Body Weights and Organ Weights from Male and Female 
Guinea Pigs That Were Exposed to 200 PPM Ethylene Dichloride for 
180 Seven-Hour Periods in 248 Days 


Av. 
Body Organ Weights, Gm./100 Gm. Body Wt. 
Guinea Wt., 


Group x z Gn. " Heart Liver Kidneys Spleen Testes 
Unexposed (controls) 857 X 0.26 3.16 0.52 0.10 
Air-exposed (controls) 836 4 0.27 2.99 0.59 0.13 
Exposed to 200 ppm ethylene 
dichloride F 759* 0.27 
Unexposed (controls).... 827 
Air-exposed (controls) M 829 


Exposed to 200 ppm ethylene 
dichloride M 


3.01 0.59 0.12 
0.29 2.79 0.63 0.13 
0.28 2.83 0.67 0.13 


0.32 3.13 0.71 0.12 


air-exposed controls: 
t = 0.001. 
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An additional group of 20 female guinea pigs that received 14 exposures in 18 
days likewise failed to show any evidence of adverse effects when judged by the 
same criteria. 

(c) Rabbits: Two male rabbits and one female rabbit tolerated 178 exposures 
in 248 days without evidence of adverse effects as judged by general appearance 
and behavior, growth, final body and organ weights, and gross and microscopic 
examination of the tissues. Studies of the blood nonprotein nitrogen, urea nitrogen, 
serum phosphatase and plasma prothrombin clotting time also failed to reveal any 
evidence of adverse effects. 

(d) Monkeys: Two male monkeys were subjected to 148 seven-hour exposures 
in 212 days and exhibited no evidence of adverse effects as judged by general 
appearance and behavior, periodic hematological examination, growth, final body 
and organ weights, and gross and microscopic examination of the tissues. 
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Chart 4—Growth curves of male and female guinea pigs that were repeatedly exposed for 
seven hours to a 100-ppm ethylene dichloride vapor. 


TaBLe 5.—Average Final Body Weights and Organ Weights from Male and Female 
Guinea Pigs That Were Exposed to 100 PPM Ethylene Dichloride for 
as Many as 162 Seven-Hour Periods in 226 Days 


ne Organ Weights, Gm./100 Gm. Body Wt. 
A 
Bi Group Sex Pigs Gm. Lung Heart’ Liver Kidneys Spleen Testes. 
& Unexposed (controls)............ F 7 859 0.93 0.25 2.70 0.59 0.12 
a Air-exposed (controls)........... F 8 855 0.78 0.26 2.94 0.59 0.15 
Exposed to 100 ppm ethylene 
5 742" 0.73 0.25 3.27* 0.57 0.12 eves 
Unexposed (controls)............. M 8 881 0.70 0.28 2.67 0.60 011 0.45 
Exposed to 100 ppm ethylene 
7 858* 0.75 0.29 2.91* 0.60 0.11 0.45 
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SIGNIFICANCE OF RESULTS 


Toxicological studies for the purpose of industrial hygiene are intended to yield, 
first, information on the nature of the toxic effects that may be anticipated in human 
subjects and, second, quantitative measures of toxicity that may be utilized for the 
evaluation of intensities of exposure in industry. The observations reported here 
as well as those published previously '' reveal a variety of toxic effects, depending 
primarily on vapor concentration and duration of exposure but also on species and 
individual susceptibility. A quite meager experience with toxic effects in human 
subjects '* has been reported by means of which the results obtained with animals 
may be checked or verified. 

Ethylene dichloride has an unquestioned depressant action on the central nerv- 
ous system and may be expected to cause in human subjects varying degrees of 
“drunkenness” and unconsciousness by this action, which may terminate in death. 
Human experience has verified this depressant action. Vapor concentrations high 
enough to cause marked central depression also produce irritation within the 
respiratory system. 

The organic injury produced in the liver and the kidneys of various species of 
animals would certainly be expected in human subjects, and such organic injury 
has been found in a few cases in which human subjects had ingested liquid ethylene 
dichloride. 

The deaths of rats a few hours after a single exposure, and possibly some of 
those deaths ebserved by Heppel and associates,** suggest a rapidly developing func- 
tional impairment, such as collapse of the cardiovascular system. Hueper and 
Smith *” reported a human death apparently due to circulatory failure. Actual 
hemorrhage may be partly responsible for these sudden deaths; certainly, they are 
not due to the injury of liver and kidney, which may be responsible for delayed 
deaths. 

The outstanding acute toxic effects produced by ethylene dichloride are degen- 
eration, necrosis, and hemorrhage of the liver, the kidneys, and the adrenals. Such 
effects have occurred in human subjects following ingestion and are always to be 
anticipated in greater or less degree. 

The toxic effects to be expected in human subjects after excessive repeated 
exposures without obvious acute effects will probably be organic injury of the liver, 
the kidneys, and the adrenals. 

The corneal opacity observed by Heppel and associates ** in the dog and the fox 


were not observed in any of the species employed in this study, nor has it been 
observed in human subjects. 


11. Lehmann, K. B., and Flury, F.: Toxicology and Hygiene of Technical Solvents, Berlin, 
Julius Springer, 1938. Heppel and others.2 Sayers and others.®@ 

12. (a) Hamilton, A., and Hardy, H. L.: Industrial Toxicology, New York, Paul B. Hoeber, 
Inc., 1949. (b) Hueper, W. C., and Smith, C.: Fatal Ethylene Dichloride Poisoning, Am. J. 
M. Sc. 189:778-784, 1935. (c) Hulst, J. P. L.; Steenhauer, A. J., and Kedde, D. L.: Fatal 
Ethylene Dichloride Poisoning, Nederl. tidjschr. geneesk. 90:406-407, 1946. (d) McNally, 
W. D., and Fostvedt, G.: Ethylene Dichloride Poisoning, Indust. Med. 10:373-374, 1941. 
(e) Roubal, J.: Casop. lék. éesk. 86:1-8, 1947 (Czechoslovakian), abstracted, Chem. Abst. 
42:987e, 1948; Two Cases of Fatal Poisoning with Symmetrical Dichloroethane (CH2CI-CH-C1l) 
After Oral Intake, Czech. M. J., no. 7, pp. 203-206 (Feb. 21, 1947) ; abstracted, J. Indust. Hyg. 
& Toxicol. 30:60, 1948. (f) Wirtschafter, Z. T., and Schwartz, E. D.: Acute Ethylene Dichlor- 
ide Poisoning, ibid. 21:126-131, 1939. 
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The quantitative data on acute toxicity represented by the lines AB, XY, CD, 
and EF (Chart 1) appear to be useful measures of the capacity of ethylene dichlo- 
ride to cause injury and to kill in single exposures. The significance of these data 
for human subjects could be determined with greater certainty if similar data on 
other species were available. Other published data on acute ethylene dichloride 
vapor toxicity ® show that no other species of laboratory animals is appreciably more 
susceptible than the rat and that most species are not remarkably more resistant. 
Almost all species suffered serious or fatal injury from one or but a few seven-hour 
exposures at less than 1,000 ppm. Accordingly, it would appear reasonable to use 
the data represented by CD and EF (Chart 1) for evaluating the toxicological 
significance of the single exposures for human subjects. These data may not be 
applicable, however, at high concentrations, greater than about 1,000 ppm, since 
minimal anesthetic effects may occur in shorter intervals of time than are indicated 
by EF. 

The quantitative data on chronic toxicity, represented by points G, H, and / 
(Chart 1), agree on the whole quite well with data published previously.** It may 
be concluded with considerable assurance that human subjects will tolerate regularly 
daily seven-hour exposures to vapor concentrations as high as 100 ppm without 
injury. This figure has been generally accepted for many years as the threshold 
limit for industrial exposure. 

The outstanding characteristic of these quantitative data is the proximity of 
G,H,1, EF, and CP (Chart 1). This suggests that an exposure of excessive degree 
is very likely to be one that produces acute effects and that chronic intoxication 
without such acute effects is improbable. 


SUMMARY 


Rats were exposed to ethylene dichloride vapor for single periods on a varying 
concentration-time basis. The results were treated statistically and permitted the 
graphing of lines representing the single exposures causing death in 0.01, 50, and 
99.99% of the animals. Additional exposures were made in order to determine the 
most severe single exposures which were without detectable adverse effects in rats. 
Typical results were as follows: 

LDw—0.53 hour at 12,000 ppm, 2.75 hours at 3,000 ppm, 7.20 hours at 1,000 ppm. 


LDo.—0.23 hour at 12,000 ppm, 1.02 hour at 3,000 ppm, 3.70 hours at 1,000 ppm. 
No adverse effect—0.1 hour at 12,000 ppm, 0.3 hour at 3,000 ppm, 1.5 hour at 1,000 ppm. 


Four animal species were exposed for seven hours daily, five days a week, to 
ethylene dichloride vapor for six months. Maximum vapor concentrations without 
adverse effect were as follows: rabbit, 400 ppm; rat, 200 ppm; monkey and guinea 
pig, 100 ppm. 

The toxic effect from single exposures, as observed on experimental animals, 
consisted of depression of the central nervous system, lung irritation, and organic 
injury of the liver, the kidneys and the adrenal glands. The significant chronic 
effect appears to be hepatic and/or renal damage. 

It is concluded that for uniform daily exposures of about seven hours’ duration 
there is little probability of any adverse effect on human subjects if the ethylene 
dichloride concentrations are kept below 100 ppm. 


The analytical work on lipid constituents of the liver was done by Mrs. Norabelle T. 
Williams. 
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TOXICITY OF AN IMIDAZOLINE (OR GLYOXALIDINE) FUNGICIDE 


CHARLES P. CARPENTER, Ph.D. 
CARROL S. WEIL, M.A. 
AND 


HENRY F. SMYTH Jr., Ph.D. 
PITTSBURGH 


XTENSIVE laboratory tests carried out at Boyce-Thompson Institute,’ as 
well as field tests by plant pathologists in numerous states, have demonstrated 
the efficacy of certain imidazoline derivatives as fungicidal sprays for the control of 
cherry-leaf spot and apple scab. Two commercial preparations have been available 
on the market, namely, fruit fungicides 341-B and 341-C, for the control of cherry- 
leaf spot and apple scab, respectively. The former, which will subsequently be 
referred to as 341-B, is a white, free-flowing, wettable powder containing 30% of 
2-heptadecyl-imidazoline plus 3.3% 2-heptadecyl-1-hydroxyethylimidazoline dis- 
persed in kaolin. Fungicide 341-C is a mixture containing 50% by weight of 2-hepta- 
decylimidazoline acetates in isopropyl alcohol. Each is applied as a dilute watery 
spray several times up to a fe. weeks before harvest of the fruit. 

A considerable amount of information has been accumulated concerning their 
toxicity. The 341-B formulation in particular has been extensively studied, and it 
is primarily the purpose of this communication to present data on the acute and 
the chronic toxicity of this compound for rats, guinea pigs, and dogs. : 

The acute toxicity of 341-C is of the same order of magnitude as that of 341-B, 
although the isopropyl alcohol vehicle contributes somewhat to the toxicity of the 
“C” formulation. No chronic toxicity tests have been made on 341-C for the reason 
that the residues left on fruit are not different from those of 341-B, and therefore 
it is believed that results obtained on the latter are applicable to the former. 

2-Heptadecylimidazoline is a white crystalline solid of the formula shown below. 


N — CH: 
Cu Has C CHe 


N 


of | 

H 
q It is insoluble in water but slowly hydrolyzes at the double bond to yield ethylene- : 
| diamine monostearamide (N-aminoethyl stearamide). In the form of acid salts such 


From the Mellon Institute of Industrial Research, University of Pittsburgh. 
r 1. Wellman, R. H., and McCallan, S. E. A.: Glyoxalidine Derivatives as Foliage Fungi- 
cides: I. Laboratory Studies, Contrib. from the Boyce-Thompson Institute 14:151-160, 1946. 
Thurston, H. W., Jr.; Harry, J. B.; Lewis, F. H.; Groves, A. B., and Taylor, C. F.: Glyoxali- 
dine Derivatives as Foliage Fungicides: II. Field Studies, ibid. 14:161-171, 1946. Thurston, 


H. W., Jr.: Use of Glyoxalidine Derivatives as Fruit Fungicides, Agric. Chemicals 5:28-31, 
1950. 
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as the acetate or the hydrochloride it is soluble and more stable in water. The 
heptadecyl portion of the molecule is derived from stearic acid, and commercial 
preparations contain similar derivatives of fatty acids such as palmitic and oleic 
acids, which are associated with stearic acid in technical grades. (In 1951 a sub- 
stantially pure heptadecyl preparation, produced from a more highly purified grade 
of stearic acid, began to supplant these earlier preparations. ) 

When present in appreciable amounts the glyoxalidine can be conveniently deter- 
mined by the ultraviolet ray absorption of its complex with trinitrophenol (picric 
acid). The hydrolysis product is not determined by this method. Where present 
in traces, as in the residue of agricultural sprays on fruits, it can be estimated 
together with its hydrolysis product by a surface-active titration such as that 
described by Epton ? for sodium alkyl sulfates. 


ACUTE TOXICITY 


The parent substance, anhydrous heptadecylimidazoline, had an acute oral L. D.,. 
of 1.3 (1.0 to 1.7) gm./kg. when fed to rats as a freshly prepared 10% suspension 
in 0.25% agar. The corresponding value for the 1-hydroxyethyl derivative was 3.8 
(3.4 to 4.2) gm./kg. in terms of the pure chemical. These determinations were 
made on early 1946 preparations. All later toxicity tests were made on the com- 
plete formulation prepared for use as a fungicide. 

The single-dose acute oral toxicity of the sample of 341-B used in the chronic 
toxicity studies was determined on nonfasted rats in 1947 and again in 1949. The 
1947 L. D.,» in terms of the “as sold” formulation was 8.4 (8.1 to 9.4) gm./kg. for 
nonfasted male albino Sherman-strain rats weighing 90 to 120 gm., aged 5 to 6 
weeks, and fed a 10% suspension in 0.25% agar. Mortality data were gathered 
over a 14-day observation period, and the resultant L. D.,,s were calculated by the 
method of probits as applied by Bliss.* Again in 1949 the same sample was fed to 
nonfasted rats, in an identical manner with a resultant L. D.,, of 6.8 (6.1 to 7.6) 
gm./kg. However, when rats of the same strain were fasted overnight before dosing, 
the L. D.,, of this sample was reduced to 5.0 (4.6 to 5.6) gm./kg. Nonfasted male 
ABC strain mice, 20 to 30 gm. in weight, were similar in sensitivity to rats, as evi- 
denced by an L. D.,, of 5.3 (4.8 to 5.7) gm./kg. in terms of 341-B “as sold.” 

The symptoms of distress following single doses of 341-B were minor. In most 
instances the animals were sluggish and their hair was ruffted for a 24-hour interval 
after dosing. Deaths on levels at or near the L. D.,, occurred within three to five 
days in nonfasted rats, within two days when rats were fasted 18 to 24 hours pre- 
vious to dosing, and within two to five days in nonfasted mice. The latter had a 
portion of the initial dose still present in their stomachs five days after the dose 
was given. 

The gross findings at autopsy included congestion and occasionally petechial 
hemorrhage of the lungs, congestion of the liver and the kidneys, and varying 
degrees of minor gastrointestinal tract irritation. In the rats fasted before dosing 
there seemed to be a greater tendency for adhesions to occur between organs in 
close proximity, e. g., spleen and stomach. In rats diarrhea, redness of mouth and 


2. Epton, S. R.: A New Method for the Rapid Titrimetric Analysis of Sodium Alkyl 
Sulfates and Related Compounds, Tr. Faraday Soc. 44:226-230, 1948. 

3. Bliss, C. I.: The Determination of the Dosage-Mortality Curve from Small Numbers, 
Quart. J. Pharm. & Pharmacol. 11:192-216, 1938. 
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nose, and oftentimes hematoporphyrin about the eyes and nose attended the oral 
administration of 341-B. 


Histopathological examination of rats that died as a result of a dosage of 5.6 
gm./kg. of the compound indicated that the liver had no damage other than moder- 
ate congestion, while the kidneys had cloudy swelling of the convoluted and loop 
tubules. 


CHRONIC TOXICITY 
Orat Doses GiveEN To Rats For Two YEARS 


Procedures—A 12-lb. (5.5-kg.) lot of 341-B, representative of 1947 production, was used 
for the chronic toxicity studies on rats, guinea pigs, and dogs. This compound, previously identi- 
fied, was examined six times by ultraviolet ray absorption * during the progress of the study in 
order to check on the possibility of decomposition on storage. Approximately 20% opening of 
the ring compound had occurred at this point and no subsequent change in composition was found. 
Further evidence of the stability of the compound is seen in the similar LDs values quoted above 
for the 1947 and 1949 acute oral toxicity studies. 

The kaolin used as a control on the inactive portion of the fungicide was identical with that 
used in compounding the 341-B sample. 

In this study, groups composed of 32 male and 32 female rats of the original or parental 
generation (P:) were maintained for a maximum of two years on a diet containing 341-B at 
concentrations of 0.15%, 0.03%, and 0.006%. Kaolin was fed at a level of 0.1% in the diet, as 
this concentration represented the amount associated with the maximum dosage of 341-B fed. 


Another group of rats was maintained, as an untreated control, on the basic stock diet with no 
additives present. 


In addition to the five groups mentioned above, groups of equal size of the first filial genera- 
tion (F:) from the 0.15% 341-B rats and the control rats were established and maintained for 
one year on 0.15% 341-B and the control diet, respectively. 

The criteria of effect, chosen for evaluation by direct comparison with the untreated control 
group, were as follows: mortality and life span, body weight and appetite, liver and kidney 
weight, micropathological changes and neoplasm incidence, hematology, and fertility. 

Sherman-strain albino rats were used exclusively in this study. The rats were approximately 
1 month of age when they were changed from Rockland rat diet (complete), on which they were 


reared, to our basic dry diet. The latter is a modification of the Food Research Laboratory Diet 
2C,5 and it consisted of the following on a parts-by-weight basis: 


Whole wheat, medium granulation....................cccccececeeeeeeeeees 60.0 
Pure dried brewer's yeast (Fleischmann Type 50-B inactive)............ 5.0 


When the rats attained an age of 60 days, dry, finely ground 341-B was added to their basic dry 
diet in the concentrations previously indicated. Drinking water and diet were furnished for 
ad libitum consumption. 

Only rats whose body weights were within +2 or —2 standard deviations from the group 
mean weight were selected for randomization into dosage groups. Any rats that had lost weight 
or that were in poor condition had been removed from the pool during the preliminary observa- 
tion period. The sexes were randomized separately into the five requisite groups consisting of 
32 rats of each sex, and thereafter the males and females were paired by randomization. 


4. Hillenbrand, E. F., Jr.; Sutherland, W. W., and Hogsett, J. N.: Determination of 
Residual Glyoxalidine Fungicides on Apples and Cherries, Analyt. Chem. 23:626-629, 1951. 


5. Hawk, P. B., and Bergeim, O.: Practical Physiological Chemistry, Philadelphia, ed. 10, 
The Blakiston Company, 1931, p. 692. 
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The rats were housed, two males and two females, in wire-bottom metal cages. Each cage 
was equipped with a nonfouling watering device and a Wahmann LC-306 food cup. These utensils 
were never transferred to other cages unless washed and sterilized beforehand. The diet con- 
sumption of the rats of each cage was recorded for each 28-day interval. All F: and P, rats 
were weighed every two weeks until they had received 365 doses. P: rats were weighed at 
28-day intervals thereafter. 

The F; generations of the 0.15% 341-B dosage level and of the control group were established 
in the following manner: Any P; female found pregnant after having attained 180 days of age 
(120 days of the diet) was isolated until the litter had been weaned at the age of 21 days. In 
each case the segregated female was fed from the same stock jar used for her home cage. The 
amount of feed consumed by these pups during the period of their growth to 21 days of age was 
negligible, and no attempt was made to quantitate it. The above procedure was continued until 
32 F, pups of each sex had been reared. At 60 days of age two males and two females were 
caged together so that fertility could be studied. The genealogy of the F; rats and the vital 
statistics pertinent to an evaluation of fertility were kept for both the 0.15% 341-B and the 
control groups of the P; and F; generations. 

Portions of intestine, kidney, liver, lung, spleen, and testis were taken from all surviving 
rats of the F; generation when they were killed at the end of one year. In addition, the P: rats 
in excess of eight males and eight females per dosage level were killed after 365 doses (425 days 
of age), and tissues were taken for histopathological examination. The remainder of the P, 
rats were kept on their respective diets for an additional year and were dispatched at the age 
of 790 days unless death ensued before that time. Portions of any infected organ or extraneous 
growth were taken to confirm the cause of death or to determine whether the attendant patho- 
logical changes were associated with the action of the compound. 

Statistical methods were used to analyze the significance of differences between dosed and 
control animals. The fiducial limit of 0.05 was set for this evaluation. Thus, if the probability 
that two means are different is less than 0.05, the chances are at least 19 to 1 or 95 in 100 that 
the difference is real and not due to random errors of sampling or to chance. 


Results—As anticipated, a large proportion of the P, rats assigned to this study 
died of endemic pneumonia, common to rats after they have attained the age of 6 
to 9 months. Actually, 65% of the rats died by the time two years of feeding had 
elapsed. Another 12% were killed because of recognizable infections to protect cage 
mates, and 19% were dispatched after one year of doses to provide material for 
histopathological examination and organ weight data. The remainder, or 3.4%, 
survived until the study was terminated. The number that died per group of 64 
rats was 43, 42, 32, 47, and 45 for the 0.15%, 0.03%, 0.006% 341-B, 0.1% kaolin, 
and control groups, respectively. The causes of the mortality were divided as fol- 
lows: lung infections, 75%; postpartum complications, 14% ; peritonitis, 5% ; 
indeterminate because of autolysis, 4% ; intestinal infections and intussusception, 
1.5%. In no instance, however, did any of these numbers differ significantly between 
the treated groups and the controls. 

Seventy of the 151, or 46% of all F, generation rats, had succumbed after being 
fed the diet for 365 days. Thirty-three of the 341-B group and 37 of the controls 
died of causes distributed similarly to those enumerated above. It is evident that 
mortality was not peculiar to the 0.15% 341-B present in the diet. 

It is conceivable that daily doses of a toxic chemical may shorten the life of an 
animal at a dosage level too low to cause the development of a detectable injury in 
a specific body function or structure. However, no discernible difference between 
the dosed and the control rats was found for the following: mean age of death, 
percentage of rats that survived one year, expectation of life at birth and at one 
year of age, and the percentage that survived one and a half or two years of dosing. 
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Obviously, as the F, generation rats were killed after 365 days, only the first two 
criteria mentioned above could be determined. Considering all groups, between 36% 
and 58% of the rats survived one year, from 18% to 26% of the P, rats survived 
one and a half years, and 0 to 12% survived two years. In the latter category none 
of the controls and 12% of the 0.03% 341-B group survived. On the above grounds 
it is evident that the life span in these relatively small groups was not significantly 
altered either by 0.159% or less of 341-B or by 0.1% kaolin. 

Weight comparisons were made only on male P, rats that survived 382 calendar 
days and on F, rats after 365 days, as the concurrent fertility study made weight 
evaluations on the females meaningless. Statistical evaluation of these weights was 
carried out by three methods. First, the over-all mean weights of each group were 
compared with the control mean. Second, the mean of the biweekly weights of each 
group was compared with the mean of the control group for the same period by the 
t-test. Third, the individual probabilities of the biweekly mean t-tests were combined 
and the compound probability of the treated and control groups compared. The 
only rats that differed from the controls to any significant degree were those of the 
0.15% 341-B group. This group of males lagged slightly behind the control group 
in body weight all through the study. For this reason primarily, the 0.15% level 
was not accepted as safe. 

In food consumption the only significant difference for the rats on 341-B was 
a diminution of the grams/rat/day eaten by the 0.006% or lowest-concentration 
group. As this effect was demonstrated to be not statistically significant for the 
0.03% or the 0.15% concentration group it must be considered as falling in the 
category of the 5 times in 100 that, statistically speaking, the significance of an 
observation may be in error. 

Among the P, or parental-generation rats there were no statistically significant 
differences in liver or kidney weights of the 341-B- or the kaolin-dosed rats and 
the controls. On the other hand, the liver weights of the F, or first-filial-generation 
males on 0.15% 341-B showed a significant increase over those of the F, controls 
when expressed as percentage of body weight. This finding was accepted as a 
further indication of an effect of 341-B at 0.15% in the diet. No treated group 
deviated from the control group in kidney weight to any statistically significant 
degree. 

Approximately 2,500 slides of adrenal, heart, intestine, kidney, liver, lung, 
spleen, and testis were examined. The majority of the animals that died had severe 
pulmonary congestion, consolidation, or pneumonia accompanied with damage of 
liver and kidney. This was as true among the control as among the treated groups. 
The pathological changes associated with lung infection will therefore not be dis- 
cussed, as, in our opinion, they bore no relationship either to the compound or to 
its concentration in the diet. 

Minor pathological change of the reversible type, light cloudy swelling of the 
kidney or of the liver, was found in 4 or 5 of 12 of the 0.15% P, rats killed for 
examination of tissues at the termination of 365 doses. In the 0.03% and 0.006% 
341-B groups cloudy swelling of the liver occurred in only 1 of 7 and 2 of 22 rats, 
respectively. The P, controls did not have any detectable pathological change, but 
four of six of the 0.1% kaolin group had cloudy swelling of the kidney. Among 
the F, group on 0.15% 341-B, 16 of 28 rats had light cloudy swelling of the liver, 
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but a similar occurrence in 10 of 18 F, controls and the incidence in the 0.1% 
kaolin group make it extremely unlikely that any of the cloudy swelling noted was 
significant. 

The tumor incidence was extremely low. One or two tumors, verified histo- 
pathologically, were found in each of the treated groups and among the F, controls. 
The P, control group had five tumors identified as follows: three uterine, one 
pulmonary, one adrenal. Those discovered in the treated groups were localized in 
the lung and the adrenal. None of these neoplasms was malignant, nor did any of 
them occur with sufficient frequency to be associated with the dosage of 341-B. 


Erythrocyte and leucocyte enumerations, hemoglobin estimations and differen- 
tial leucocyte counts were made five times on groups of eight P, rats and four times 
on the F, rats on the highest dosage levels, i. e., on the 0.15% 341-B rats and their 
controls. The percentage of neutrophils at 90 days in the 0.15% 341-B F, group 
fell below that of the controls, and the total leucocyte count for the same group at 
270 days of age was below that of the controls. As these differences were not found 
among P, groups at the same age or in the F, or P, groups at subsequent intervals, 
they were considered as of no practical importance. 

A comparison of the 1,202 litters comprised 9,147 pups was made for each group 
with the controls. The criteria evaluated were mean number of litters per female, 
mean size of litters, maximum number of litters per female, pups born dead or killed 
immediately by the mother, and mean age of mother at last litter. The only statisti- 
cally significant difference among any of the criteria tested was in the mean number 
of litters per female born to F, rats that received 0.15% 341-B (4.8). That this 
finding is an artifact is immediately apparent when the figure of 7.4 litters per female 
for the F, controls is compared with similar data gathered for the other groups. 
The P, 0.15% 341-B group had 5.9, the 0.03% 341-B group 5.3, the 0.006% 341-B 
group 5.4, the P, controls 4.7, and the kaolin controls 5.6 litters per female, not inclu- 
sive of those barren at 265 days. It is obvious that the F, controls were more prolific 
than any of the other groups and that the statistical significance reveals that fact 
rather than that the F, treated group was less prolific. 


OraL Doses Given To GUINEA Pics ONE YEAR 


Procedures—Groups of 47, 44, and 46 hybrid guinea pigs were maintained for one year on 
diets that contained 341-B in concentrations of 0.15%, 0.03%, and 0.00%. The same criteria of 
effect were evaluated as previously mentioned for the rat study, except that the hematological 
aspects and the fertility of the animals were not investigated. 

Twenty-three-day-old weanling guinea pigs were obtained from a local supplier and placed 
under observation until they were 47 days of age. At this time, those that were healthy and had 
gained weight consistently were placed in the pool from which they were randomized to the 
three dosage groups in the fashion previously described. The guinea pigs were housed four to a 
cage, sexes separate. Individual food and water containers were kept with each cage and were 
never used elsewhere unless washed and sterilized beforehand. Approximately equal numbers of 
each sex were started on crushed Rockland guinea-pig diet “C” fortified, to which the appropriate 
amount of dry 341-B had been added by means of a batch mixer. Norwich type NB feeders 
were used to dispense the dry diet which the animals ate ad libitum. Records of diet consumption 
were maintained for the animals of each cage. 


Results ——Extfaneous infections were responsible for the death of 23% of the 
guinea pigs under study. The deaths were evenly distributed among the treated and 
control groups, i. e., 10 and 11 in the former and 11 in the latter. Seventy-eight per 
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cent of these deaths were caused by lung infections, 9% by peritonitis, and the 
remainder were of indeterminate origin. Infections noted by autopsy of survivors 
after one year in most cases involved the lungs, and these infections were also equally 
divided among the treated and control groups. 

The mean age at death for each group was 177, 191, and 125 days, respectively, 
for 0.15% 341-B, 0.03% 341-B, and the controls. Furthermore, the minimum 
expectation of life at birth was higher in the treated groups than in the controls. 
The percentage survival at one year for the groups in the order mentioned above 
was 79, 73, and 76%. It is evident from these figures that the 341-B in the diet 
did not significantly shorten the life span. 

Statistical analyses were performed on the biweekly weights of the guinea pigs 
at the termination of the study in a manner identical with those used for the rats. 
The over-all mean weights of the treated males on both levels and the females on 
the lower level significantly exceeded the controls. The first six biweekly mean 
weights of the male animals fed 0.15% 341-B were below those of the control group, 
two of them significantly so. However, the next 20 biweekly mean weights of these 
same animals all exceeded those of the controls at the same period. Weight depres- 
sions of this sort did not show up among any of the females or among the males in 
the 0.63% concentration group. 

The chi-square test for the compounded biweekly probabilities indicated a sig- 
nificant weight increase in both groups of males and in the 0.03% 341-B females. 
The 0.15% females were statistically similar to the controls. The mean maximum 
weights of the surviving guinea pigs did not differ significantly from the control 
mean. 

The mean liver and kidney weights, expressed as percentage of body weight, 
taken on the day on which all the survivors were killed, were not significantly 
different for the treated males or females when these were compared with the 
controls. 

A total of 516 tissue sections from organs of the guinea pigs used in this study 
were examined. Of the 36 animals that survived one year on 0.15% 341-B, 9 had 
cloudy swelling and one had fatty degeneration of the liver, while 2 had partially 
consolidated lobes of the lungs. Only 3 of 32 pigs in the 0.03% 341-B group had 
cloudy swelling of the liver, and 3 others had the partial lung consolidation, while 
8 of 34 controls had cloudy swelling and one had fatty degeneration of the liver. 
Four had partial lung consolidation and two light cloudy swelling of the kidney 
tubules. From these findings it is evident that 341-B had no deleterious effect on 
organs of guinea pigs subsisting for one year on concentrations as high as 0.15%. 

Glandular neoplasms were found in the iungs of one guinea pig of the 0.15% 
group and one of the controls. A round cell tumor of the lung was observed in one 
arimal of the 0.03% group. 


Orat Doses GiveN To Docs For ONE YEAR 


Procedures——One month prior to starting a group of four dogs on the level of 341-B estab- 
lished as safe for rats, 0.014 gm./kg./day, this amount was fed to one mongrel dog. This was 
done to eliminate the possibility of starting the pureblooded dogs on a level which might prove 
to be immediately deleterious. When, after one month, the animal in question showed no ill 
effects, three cocker spaniels and one wire-haired fox terrier were started on the same dosage. 
The control group was composed of two cocker spaniels and two wire-haired fox terriers. All 
these animals were born between June 26, 1948, and Sept. 30, 1948, and were 14 to 16 months 
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of age when they began to receive the fungicide diet on Nov. 28, 1949. They had been immunized 
against distemper, freed of worms, and maintained on a commercial dog food ® for a period of 
two months prior to dosing. 

The mongrel dog on the pilot dosage received 0.014 gm./kg./day of 341-B powder in a gelatin 
capsule five days per week for 77 doses, after which the amount was doubled for the ensuing 169 
doses. This animal was killed for tissues after 346 calendar days. 

The pureblooded dogs were randomized by breed among the 341-B and control groups. Four 
of them received 0.014 gm./kg./day on each of 259 days during 368 calendar days before they 
were dispatched for tissues. On the second day of each week all the dogs were weighed, and 
their individual doses were calculated and prepared for that week. Each dose was administered 
by hand in a gelatin powder capsule prior to the single daily meal of dog food moistened with 
either water or liver broth. Cooked liver or liver broth was the only adjunct to the diet and 
was fed only twice a week. The control dogs received gelatin capsules containing 0.02 gm./kg. 
of a commercial meal to duplicate conditions of handling. Complete blood counts were made 
prior to the first dose and after 3, 6, 9, and 12 months of dosing. Previous to the first dose, and 
after 9 and 12 months of dosing, sulfobromophthalein sodium retention, prothrombin time, and 
plasma cholinesterase determinations were made. 

For postmortem examination the dogs were anesthetized with pentobarbital sodium and 
exsanguinated by means of a cannula inserted in the carotid artery. This procedure was followed 
to eliminate as much blood as possible from the liver and the kidneys, which were immediately 
removed and weighed. Portions of all the viscera were removed for histological examination. 


Results——One of the cocker females receiving 341-B died after 223 doses or 
after 313 calendar days on the 0.014 gm./kg./day diet. The leucocyte count was 
20,850 cells per cubic millimeter of blood after 125 doses and 8,000 per cubic milli- 
meter after 192 doses. These findings were evidence of a transitory infection. How- 
ever, the weight curve of this animal showed a steady gradual increase throughout 
the 10-month period of its subsistence on the diet or a total gain of 2.2 kg. during 
this interval. 


With so few animals on a level each one must be thoroughly studied to gain the 
maximum amount of information, and therefore the circumstances surrounding this 
death bear detailed discussion. 


The afternoon prior to the date of death, this dog refused food. The caretaker found the 
animal dead on a Sunday morning, and that evening autopsy was performed on the carcass, which 
had been refrigerated during the day. Externally the dog appeared normal and well nourished, 
but when the abdomen was opened, the greenish-yellow color of the cecum was immediately 
noted and appendicitis suspected. Further examination revealed that the stomach was filled with 
dark blood and that the surface was covered with petechial hemorrhages. The small and large 
intestines had an opaque, cooked appearance and showed subserosal hemorrhages. The mesentery 
was fatty, the spleen normal, and the adrenals hemorrhagic. Liver markings were prominent, 
and the color was more yellowish than normal. The kidneys had injected surface vessels, and 
the cut surfaces, after the organ was bisected, were congested. Petechial hemorrhages were 
present over the dome of the bladder, which contained only about 5 ml. of urine. On opening 
the thoracic cavity one found the lower lobe of the left lung to be filled with dark blood. The 
heart was normal in appearance, but further search revealed a large mass of tissue composed of 
fat, thymus, and enlarged vessels surrounding the trachea and esophagus. It was presumed that, 
with blood in both the stomach and the lung, a vessel had ruptured into the esophagus and blood 
had been regurgitated into the respiratory tract. However, the large quantity of blood found in 
the lower left lobe makes it equally likely that a tracheal vessel ruptured and that the blood spilled 
over into both stomach and lung. The thyroid appeared normal. It is not reasonable to say that 
the dog died as a direct result of toxic action of 341-B, as it is quite certain that the appendicitis 


6. This was Frisky® Dog Meal, produced by Albers Milling Co., Peoria, Ill., Division of 
Carnation Co. 
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and the involvement of the thymus had no connection with the feeding of this material. It is 
equally unreasonable to say that the animal died of extraneous causes, as a similar type of liver 
and kidney pathology was found in the dog that had received 0.028 gm./kg./day of 341-B for 
most of one year. The organic defects of this dog were such that even a slight additional insult 
might have caused the hemorrhage that proved fatal. 


The single pilot dog that received 0.014 gm./kg./day of 341-B for 1514 weeks 
followed by 0.028 gm./kg./day for 35 weeks gained weight steadily during the first 
period and continued to gain until 30 weeks had elapsed. From then until it was 
killed at about the 50th week the animal gradually lost weight. At death this dog 
was 0.2 kg. under its initial starting weight. 

It was not anticipated in this study that the mature dogs would gain weight 
appreciably during the course of the feeding experiment. In most cases this was 
true, for the individual weights fluctuated in a 1-kg. range above the initial weight. 
Actually the dog that died of the infection gained 2.2 kg. and another treated with 
341-B gained 1.78 kg., while the remaining dogs registered gains of less than 1.0 
kg. with the single exception of one control wire-haired terrier that lost 0.58 kg. 
The mean weight gain for three survivors receiving 341-B was 0.95 kg., compared 
with 0.31 kg. for the controls. 

The mean liver and kidney weights for the killed dogs, expressed as: percentages 
of the body weights, were 2.94 and 0.50 for the 341-B group, against 3.00 and 0.515 
for the controls. These figures are statistically similar. 

There was no statistically significant difference between the treated and the 
control group as regards hematological findings, sulfobromophthalein sodium reten- 
tion, prothrombin time, or plasma cholinesterase. 

Histopathological examination of stained tissue sections of the dog that died 
revealed a lung with massive acute pulmonary edema and with hemorrhage as well 
as congestion, and a liver with some autolytic changes and pigment deposition, 
hemorrhage, and congestion of moderate degree. The spleen showed congestion and 
deposition of pigment; the stomach was normal except for subserosal hemorrhage, 
and similar hemorrhages were seen in the intestinal tract. Pancreas, heart, ovary, 
bladder, and uterus were essentially normal. The adrenal had mild atrophy and 
areas of degeneration. The kidney presented many areas of hemorrhage, severe 
glomerulitis and tubular degeneration. The thyroid had an increased content of 
colloid, and the appendix showed chronic fibrotic appendicitis and old hemorrhage. 
Sections of the mass of tissue that surrounded the trachea showed only fat with 
a small amount of lymphoid tissue and hemorrhage, but no tumor. The findings 
offer little if any help in the reconstruction of the sequence of events that led to the 
abrupt death of this animal. 


The liver of the mongrel dog on the pilot dosage was notably hemorrhagic. The 
pancreas revealed cloudy swelling, the adrenal and the spleen were congested, and 
the kidneys were hemorrhagic, with the glomeruli inflamed and the tubules packed 
with red cells. The heart and the testes were normal. 

Microscopic examination of sections of lung, heart, liver, stomach, upper intes- 
tine, cecum, lower intestine, pancreas, spleen, adrenal, kidney, testis or ovary, 
bladder, and thyroid of the three dogs that survived one year on 341-B and of the 


four controls revealed no significant pathological changes. The control dog that lost 
weight had kidney parasites. 
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CONCLUSIONS 


Thus it appears that the fruit fungicide 341-B containing 2-heptadecyl-imidazo- 
line (30%) plus 2-heptadecyl-1-hydroxyethyl imidazoline (3.3%) dispersed 
in kaolin, which was added in a concentration of 0.15% to a dry diet fed to rats for 
two years, caused the least injury that could be detected as judged by certain criteria 
of effect, namely: slight retardation of growth among the parental generation 
males, increased liver weights among the first filial-generation rats, and minor 
reversible pathological changes of the kidney and the liver of the parental-generation 
rats—an injury which was no more serious than resulted from feeding kaolin at a 
concentration of 0.10% in the diet for a similar period. However, 0.03% and 
0.006% 341-B in the diet caused no statistically significant deleterious differences 
from the control group. Because 0.15% in the diet produced minimum injury, it 
is reasonable to conclude that a level midway between this and 0.03% would be the 
greatest amount tolerated by rats. This would be 0.09% 341-B in the diet, equivalent 
to 0.27% or 270 ppm of 2-heptadecyl-imidazoline, the active agent. 

Guinea pigs maintained for one year on 0.15% and 0.03% concentrations of 
341-B (or >450 ppm of the active agent) in the dry diet showed no deleterious 
effects as judged by the same criteria of damage as were employed in the two- 
year rat study. Fertility tests and hematological observations were omitted from 
this study, as they gave negative results in the preceding two-year rat study. 

It appears that normal healthy dogs can tolerate approximately the same level 
as rats or specifically an amount equivalent to 0.07% of 341-B in their dry diet. This 
level, however, was unsafe for one dog with an organic defect or an infection. Twice 
this level of 341-B was deleterious to one dog as adjudged by the criteria of 
weight response and histopathological findings. Dogs, therefore, would be expected 
to tolerate about 210 ppm of the active agent in their dry diet or an amount 
midway between the 140 ppm tolerated by normal dogs and the 280 ppm found 
injurious. It should be noted that many of the rats and guinea pigs used in 
the studies herein reported were afflicted with chronic infections of the lungs, and 
that if 341-B in the levels fed had been injurious the mortality for the treated 
groups should have far exceeded that for the controls in number or in rate. This, 
however, was not the case. 

Evidence presented before the Federal Security Agency’ in the 1950 hearing 
on tolerances for poisonous or deleterious residues on fresh fruits and vegetables 
indicates that the average imidazoline residue on cherries and unpeeled apples at 
harvest after spraying with 341-B or 341-C is less than one part per million. The 
conclusions of this study are that guinea pigs can tolerate a daily intake of 2-hepta~ 
decyl-imidazoline to the extent of at least 450 ppm, rats 270 ppm and dogs 210 ppm 
of their entire dry diet. Therefore, in view of the above results and the fact that 
fruits constitute a relatively small part of the human dietary it is obvious that a wide 
margin of safety exists between residue levels and the safe level of intake inferred 
from these animal experiments. 


7. Tolerances for Poisonous or Deleterious Substances on or in Fresh Fruits and Fresh 
Vegetables, Federal Security Agency, Docket No. FDC-57, Record Pages 5411-5412, 9088-9091, 
1950. 
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Abstracts from Current Literature 


Occupational Diseases and Hazards 


Tue Siticosis MepicaL BuREAU OF NORTHERN RHODESIA: ANNUAL REPORT FOR THE 
Year 1949. Lusaka, Government Printer, 1950. 


The Silicosis Medical Bureau of Northern Rhodesia (J. F. C. Haslam, chairman) has 
hardly got under way. During 1949 the new building to house its activities was incomplete 
and a considerable increase in staff had not yet arrived. The bureau had medical charge of 
four copper mines where some 18,266 Africans and 1,930 Europeans are employed. During the 
year, 3,006 Europeans and 2,102 Africans were medically examined: 11 Africans and 1 
European were certified for silicosis alone; 2 Africans, for silicosis with tuberculosis; 11 Afri- 
cans, for tuberculosis alone. The silicosis already produced by the Mufulira mine is recognized 
to be substantially in excess of that produced by any of the other three mines; no reason for 
this is forthcoming. No evidence has been found that tuberculosis passes from miner to miner 
more frequently than from person to person in other walks of life. Indeed over a period of 
seven years the discovered incidence of tuberculous infection (including silicosis with tubercu- 
losis) was only 1.26 per 1,000 per annum for European miners and 1.05 for African miners. 
Proceedings were carried out under the Silicosis (Temporary Arrangements) Ordinance; but 
permanent legislation is shortly to be enacted to implement the findings of a strong commission 
of enquiry which recently reported (Bull. Hyg. 25:1142, 1950). At present it may be said 
that silicosis has been acquired at each of the four Northern Rhodesia copper mines, but the 
conditions in none of these mines are or have been such as to produce acute silicosis. 


E. L. Cottis [Butt. Hye.]. 


Stupy oF Two HunpRED CONFIRMED Cases oF Siticosis. V. V. Lappé, P. A. REyEs, 
M. E. ZONica, H. P. Scutcer and C. V. Garcia, Prim. J. Chilenas de Hig., Seguridad y 
Med. d. Trabajo 1949, pp. 33-41. 


During the years from 1942 to 1945 more than 1,200 patients suspected of having silicosis 
were admitted to the Institute of Industrial Medicine in Santiago. This paper reviews a series 
of 200 confirmed cases, of which 172 were diagnosed as simple silicosis and 28 as silicosis with 
tuberculosis. The national three-stage classification gave a distribution as follows: early 
nodular fibrosis—72 cases; advanced nodular fibrosis—80 cases; confluent lesions—20 cases. 

Most of the patients came from the copper mines scattered throughout the country, 20 were 
employed in siliceous industries, such as the manufacture of glass and pottery, and a few 
worked in the manufacture of cement. The average lengths of exposure for the different stages 
of the disease were 13, 16, and 19 years, respectively, with 12 years of silicotuberculosis. The 
risk is greatest in the quartz industries, and many young patients were engaged in the manufac- 
ture of ceramics and glass. 

Previous medical history was not relevant, but the incidence of syphilitic infection was 
directly related to the severity of the disease, varying from 7% in those presenting the earliest 
stage to 32% in those who had silicotuberculosis. Blood examination showed an initial increase of 
erythrocytes (up to 6.5 millions) which gradually returned to normal as the disease progressed, 
and there was a comparable rise and fall in the hemoglobin level. No appreciable changes were 
found in the white cell count, except in silicotuberculosis in which leucocytosis (cell counts 
ranging to 12,000 cells) was found in 40% of cases. 

The criteria of incapacity and compensation are discussed, and it is pointed out that disable- 
ment may occur in all stages of the disease. 

[The classification of silicotic lesions adopted in Chile may seem to be oversimplified to 
readers in this country, and the interest in this paper lies in the hematological findings and 
the relation of the disease to preexisting syphilitic infection. The last is a point which, the 
authors stress, they have been unable to confirm in the literature.] 


C. N. Swanston [Butt. Hye.]. 
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Sixicosts. L. Kocn, Prim. J. Chilenas de Hig., Seguridad y Med. d. Trabajo, 1949, pp. 43-50. 


In assessing silicotic workers for degree of incapacity, two difficulties arise: (1) the lack 
of diagnostic criteria in the early stages; (2) the need to equate these early stages with degrees 
of disablement and monetary compensation. After an account of the symptoms of the disease, 
including hemoptysis, which the author reports in uncomplicated cases, he proceeds to a dis- 
cussion of the assessment of disability. He attaches more weight to respiratory incapacity 
than to the roentgenological picture, and rightly stresses that for each stage of the disease the 
degree of disablement varies considerably. He considers that where this exceeds 60%, a full- 
disability pension should be awarded. 


Methods of prevention are described and periodic medical examination of workers is con- 
sidered of paramount importance, together with reduction of the dust to safety levels. Prophy- 
laxis with aluminum salts is still in an experimental stage but, the author thinks, is giving 


encouraging results. C. N. Swanston [Butt. Hye.]. 


Puacocytosis oF Dust IN RELATION TO THE CAUSATION OF SILICOSIS. 
Hyg. u. Bakt. 132:273-298, 1950. 


Experiments with quartz, barium sulfate, and coal particles below 5# in diameter are 
described, phagocytosis being studied (a) in peritoneal-exudate cells from guinea pigs, and 
‘ (b) in tissue culture with chicken embryo spleen. 


H. Bucxvup, Arch. 


(a) The degree of phagocytosis was measured by the ratio of dust-laden to dust-free cells 

and also by the estimated number of dust particles per cell. Phagocytosis was especially rapid 

% during the first 15 minutes and slowed down later; counts after 1 hour and 24 hours were 
nearly identical. However, no quantitative or qualitative difference due to difference of the , 
materials used could be found. 


(b) Experimental conditions and observations are described in great detail. Embryonal 1 
extract and dust suspension were first mixed and the transplant was added afterward; observa- 
tions were made after 16, 24, 48, and 72 hours. Infections could be controlled by small additions 
of penicillin. 

Phagocytosis was in general slow and only a small proportion of the dust was affected. It 
was therefore not possible to carry out quantitative measurements, but no differential effect 
could be observed with the different dusts. 


Kasten had previously reported that quartz, in contrast to other materials, had a specific 
morphological effect on phagocytes, causing unilocular and multilocular vacuolation. This 
observation could not be confirmed in the present work, although several hundred experiments 
were carried out. Vacuolation was in fact seen occasionally, but it occurred just as often with 
the other dusts or even in cells free from dust. 


There was some variation due to uncontrolled factors. In some experimental series there 
was more of a tendency toward vacuolation, in others toward fatty degeneration of the cells, 
and the capacity for phagocytosis varied; but none of this could be specifically related to any of 
the three dusts used. 


Vacuolation was most pronounced after 16 hours, whereas fatty degeneration seemed to 
increase with time. 


In view of the negative character of the results, further series were made, with addition of 
a virulent strain of human tubercle bacilli. This had no effect on phagocytosis, and no dif- 
ferential effect was seen with the different dusts, but the mobility of the cells seemed to be 
increased and the growth of fibroblasts was promoted. 


In discussing his results the author stresses the differences between static tissue cultures and 
biological conditions and promises further work with techniques which allow more prolonged 
periods of observation. There are many references to tissue culture work with dusts. 


G. NaGELscuMipt (BULL. Hye.) 
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THOUGHTS AND EXPERIMENTS ON THE SERICITE THEORY. G. PFEFFERKORN, Arch. Hyg. u. 
Bakt. 132:299-306, 1950. 


The theory, due to Jones (Bull. Hyg. 8:727, 1933), that sericite is one of the main 
causes of silicosis, can, according to the author, be tested by three lines of inquiry: statistical 
information on the incidence of silicosis, analysis of lungs from silicotics, and animal 
experiments. 

Published work in this field is discussed and the conclusion is reached that the statistical 
information is contradictory and inconclusive. Analysis of lung residues has only rarely been 
carried out by satisfactory mineralogical techniques and the author himself has not found more 
than traces of sericite needles in fibrosed areas of lung tissue. 

Animal experiments should give the clearest indication but they have shown that sericite 
alone does not produce the nodular tissue reaction shown by quartz. 

The author comes to the conclusion that sericite does not cause silicosis by itself but that 
it may reinforce the action of quartz; this is in agreement with the scheme of rock risk evalua- 
tion of Landwehr. 

The mechanism of this reinforcement is seen in the release of potassium ions by base 
exchange against calcium ions from body fluids or from other dust constituents. Laboratory 
tests showed that such base exchange does in fact take place with muscovite and sericite, but 
not with potash feldspar, in the presence of ca‘cium chloride or hydroxide. Just how the 
alkali ions act needs to be shown by further experimentation, but reference is made to the acute 
silicosis found in workers making abrasive soap, who are exposed to a mixture of quartz and 
alkaline material. 

A plea is made for detailed examination of all dust components in silicosis studies so that a 
better knowledge may be obtained of the reinforcing or inhibitirg effects of other materials on 
the action of quartz. 


G. Nacetscumipt [Butv. Hyc.] 


Tests OF RESPIRATION AND CIRCULATION BY CLINICAL METHODS IN CASES OF SILICOSIS. 
REICHMANN, Beitr. Silikose-Forsch., 1950, pp. 1-19. ’ 


Clinical methods used for assessing respiratory and circulatory function are discussed. At 
the Silicosis Research Institute in Bochum a shortened test of circulatory function is used as 
a functional test of the respiratory and circulatory organs. The first part, which includes exami- 
nations of subjects lying down and standing, is essentially a test of orthostatic circulatory regu- 
lation. When healthy subjects change from lying to standing, the systolic blood pressure remains 
the same or changes only a little, the diastolic pressure generally does not change or 
becomes smaller, but the pulse rate may increase by as much as 40 beats. A hypotonic reaction 
is characterized by considerable reduction in systolic blood pressure with increase in diastolic 
pressure and pulse rate. In many cases neglect to consider dystonia can lead to a false appraisal 
of the results of load tests. 

The second and more important part tests the control of circulatory function under work 
load. The work consists in climbing steps or bending and stretching the knees. A differentia- 
tion is made between subjective and objective assessments of the circulatory system. The sub- ; 
jective appraisal is made on the basis of visible skin reactions, and the objective assessment, ‘ 
on the effects of the exercise on pulse frequency and blood pressure. Over 1,200 silicotic 
patients have been examined, and the average blood pressures which various groups attained 
while exercising are shown graphically. The decision whether or not there is circulatory 
insufficiency depends on the difference between the percentage increments in pulse rate and in 
blood pressure due to exercise. 


Tuomas Beprorp [Butt. Hye.]. 


- FuNcTIONAL TESTS OF RESPIRATION AND CIRCULATION BY SPIROMETRY-ERGOMETRY IN 
Siticosis. O. Zorn, Beitr. Silikose-Forsch., 1950, pp. 21-47. 


The ergometer is in the form of a winch. The work done by the subject in turning the 
winch is transmitted to a dynamo, so that the work is measured electrically. The spirometer 
is a closed-circuit apparatus with a kymograph recorder. It is arranged that the oxygen con- 
centration in the inspired air is kept practically constant. 
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The patient is first examined at rest, and his vital capacity and the maximum respiration. 
value are estimated. The values obtained for these are very dependent on the will cf the patient. 
In the measurement of maximum ventilation rate the patient is required to breathe as quickly 
and deeply as possible for 10 seconds. 

In the work tests pulse rates also are recorded. For the diagnosis differentiating betweer 
pulmonary, cardiac, and circulatory insufficiency, it is important to ascertain accurately the 
oxygen consumption and the minute volume of respiration for a definite work performance. 
Typical spirometer tracings are reproduced to illustrate the findings with these different types 
of insufficiency, and their significance is discussed. 

The specific ventilation volume (pulmonary ventilation rate divided by rate of oxyger 
uptake) shows considerable variability. The mean values found for patients with various stages 
of silicosis are very similar, so that no clear conclusions can be drawn from such measure- 
ments. The vital capacity also varies considerably. From a comparison of the figures for vital 
capacity and maximum ventilation rate it appears that in serious cases of silicosis the ventila- 
tion rate falls off to a greater degree than does the vital capacity. 


Tuomas Beprorp [Butt. Hye.]. 


FUNCTIONAL TESTS OF THE LUNGS AND CIRCULATORY SysTEM IN Siticosis. W. Bott, Beitr. 
Silikose-Forsch. 1950, pp. 49-60. 


For the objective assessment of pulmonary function two methods are indicated: (a) arterial? 
puncture and analysis of arterial-blood gas and (b) respiration measurements made by the 
methods of spirometry and spirometry-ergometry. Can one expect to arrive at solid conclusions 
from the combination of results so obtained? 

It is concluded, after two years’ routine trials of arterial puncture and blood-gas analysis, 
that the method is unsuitable for the objective assessment of lung function on account of the 
disturbing factors associated with its use. (The arterial puncture is done during the spirometer 
experiments, and respiration is seriously affected.) 

In practice the Brauer-Knipping methods of spirometry-ergometry can give good results 
in assessing the capacity for performance of both lungs and circulation with graded exercise. 

Vital capacity is of little use for this purpose, but the apportionment into reserve air, tidal 
air, and complemental air is of value. With extensive emphysema there is an increase in the 
residual air. The maximum respiration volume with deep and rapid breathing, and the dif- 
ference between that and the effective breathing, is also of significance. The ratio between the 
durations of inspiration and expiration can help in the assessment of bronchial spasm in silicosis. 


Tuomas BEeprorp Hyc.]. 


Asout Smicosis: Part II. F. Gottincer and F. Lane, and Orners, Ziiricherische Arbeits- 
gemeinschaft zur Erforschung und Bekampfung der Silikose in der Schweit, Dec. 31, 1950. 


The findings of several authors approaching the silicosis problem from different angles are 
published in this volume of nearly 200 pages. 

F. Gollinger and F. Lang give a statistical account of all cases of silicosis in Switzerland, 
showing that nearly 50% of all the individuals affected were tunnel and stretch workers. 
Investigations in foundries and metal industries showed that the sandblasters are the most 
exposed workers but that the casting cleaner, the casting maker, and others can also get silicosis. 
In those industries the introduction of preventive measures (medical examinations, limit of one 
year of work in sandblasting, helmet protection, fresh air supply, closed blasting cabins, etc.) 
caused the silicosis frequency to drop from 72 cases in 300 workers to 1 case in 228 workers. 
Exposures of 6 months to 40 years to artificial abrasives caused bronchitis but never silicosis. 
Moreover, some accounts concerning the acute forms of silicosis, the therapeutic results, and 
the procedure of x-ray photography are discussed by the authors. 

H. R. Sching and U. Cocchi made bronchographs of silicotic patients and found alterations 
present in the bronchioles even in early stages of silicosis. 

C. Pagnamenta examined the plasma proteins in 88 cases of silicosis, using the Weltmann 
method and other usual clinical tests. In nearly 50% of the cases pathological modifications were 
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demonstrated, mostly a shift to the right of the coagulation band of Weltmann. When active 
tuberculosis was associated with the silicosis, the investigations showed protein modifications 
which are usual in infectious exudative lung diseases. 

P. H. Rossier and A. Bihlmann compared respiratory and circulatory functions of silicotic 
and normal individuals. During work on the bicycle ergometer with a closed spirometer circuit, 
they measured the oxygen uptake, the lung minute volume, the efficiency of the work, the 
alveolar ventilation, the respiratory reserves, the blood oxygen saturation, the hydrogen ion 
concentration and the carbon dioxide content of.the blood. The modifications found in the 
silicotic individuals are individually very different and showed no parallel relation to the radio- 
logically detectable alteration. 

J. R. Riittner determined the content of rutile (TiO) in lungs of persons coming to autopsy. 
They found rutile in the normal lungs as well as in the silicotic lungs. The relatively high 
amount of rutile found in the lungs is partly due to the size of the mineral particles and also 
to the stability and insolubility of rutile. 

A. Glauser and J. R. Riittner compared the mineral composition of the dust in silicotic lungs 
with the composition of the rock in the work areas. They draw interesting conclusions con- 
cerning the decomposability and resorption of different minerals in lung tissue. 

H. Gessner and H. Biihler give an account of the relation between the production of dust 
(amount and composition) and the kind of operating machines used. In the laboratory they 
studied the effect of wet drilling and of exhaust systems on the composition of dust. The studies 
of the dusts in the operating areas and the reported statistics of cases of silicosis let the author 
claim a maximal allowable amount of dust of 5 mg./m® if the rock contains 40% quartz and if 


the particles are smaller than 10 ms. E. GRANDJEAN, Zurich, Switzerland. 


HEMATOLOGICAL DIFFERENTIATION BETWEEN SILICOSIS AND SILICOTUBERCULOSIS. MILU- 
Tin Stoyapinovic, Arhiv Hig. Rada 2:48, 1951. 


Benda’s method of granulodiagnosis enables one to make definite statements about the exist- 
ence of an active tuberculous process. The method consists in identifying different kinds of 
pclymorphonuclear neutrophils in the blood smear and in determining their percentage (gran- 
ulogram). 

According to the type of neutrophilic granulations, one may distinguish four kinds of poly- 
morphonuclear leukocytes: Types G + (persons with incipient tuberculous infection; BCG- 
vaccinated persons; persons completely cured of tuberculosis), Type G+ and G + + (patients 
with active tuberculosis), and Type GN (persons who have never been in contact with tuber- 
culosis). 

As there is no reliable diagnostic method for discriminating between silicosis and silicotu- 
berculosis, the Antitubercular Station at Vrnjacka banja uses the above method for distinguish- 
ing silicosis from silicotuberculosis. In 78 cases it was shown that the sum of the elements GN 
and G+ is larger than 50% in cases of silicosis and is equal or less than 50% in cases of 
silicotuberculosis. The method is reliable, easily performed, and requires only a minimum of 
equipment. Benda’s original method has been modified and thus even more simplified. 

Apart from its great practical value (i. e., in eliminating silicotuberculous persons from 
working places and in solving problems of identification) Benda’s hematological method promises 
to be of great theoretical importance in solving problems of the pathogenesis of silicosis. 


ADAPTATION OF ENGLISH SUMMARY. 


Errect oF Woop Dust ON THE LuNGs: AN INDUSTRIAL HYGIENE INVESTIGATION. A. VAL- 
LANDER, Nord. med. 44:1315-1317 (Aug.) 1950. 


The English summary appended to the paper is as follows: 


“The writer has examined 81 men who have been employed in the timber industry for 10 
years or more, being exposed to abundant quantities of wood dust throughout that period. Only 
two showed positive clinical and radiographic findings: one had asthma and one fibrosis. In the 
remainder the findings were completely negative. As regards the two positive cases it is 
pointed out that there was little probability of the wood dust having been an etiologic factor but 


that the possibility cannot be ruled out.” a 
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Industrial Toxicology 
Leap Potsoninc. Davin H. GoLpste1n, Compens. Med. 3:11 (Dec.) 1950. 


In diagnosing industrial lead poisoning it is very important to ascertain a history of exposure, 
appraise symptoms and signs carefully, and obtain confirmatory laboratory findings. 

Virtually all occupational lead poisoning is produced primarily through inhalation of air 
containing lead dust, fumes, or vapor. An occupational exposure may be defined as one in which 
lead may be absorbed into the tissues of the worker, but the worker must be sick with a well- 
defined syndrome of symptoms before the evidence of absorption can be considered lead poisoning 
and compensable. 

Lead is not a normal physiologic constituent of the body tissues ; yet, because it is ingested with 
food and drink and inhaled, small amounts are absorbed into the body, and normal lead values of 
0.06 mg. per 100 cc. of whole blood, 0.08 mg. per liter (large samples) of urine, and 0.50 mg. 
per gram of fecal ash are frequently given. Values in excess of these figures mean abnormal 
absorption but do not of themselves mean lead poisoning. 

It is important to remember that (1) the higher the urinary lead concentration, the greater 
the hazard of incurring lead poisoning ; (2) fecal lead is valuable chiefly as an index of exposure, 
not of absorption; (3) both blood and urine analyses are excellent guides to lead absorption, 
provided contamination (both in collection of sample and in laboratory) is avoided; (4) when 
a worker is removed from occupational exposure, blood lead returns to normal much faster 

. than does urinary lead; (5) a gingival lead line and erythrocyte stippling also indicate absorption 
and not necessarily intoxication. 


A 
z! The basic requisite for a diagnosis of lead poisoning is that the condition shall be symptomatic. 
ee The clinical picture is traditionally separated into three syndromes: (1) gastrointestinal, (2) 


neuromuscular, (3) cerebral. There is frequent overlapping. Of the peripheral blood changes, 
only the stipple cell count in excess of 1,000 per million red cells in the presence of normal or 
slightly reduced hemoglobin content and red blood cell count is infrequently encountered except 
in lead poisoning. 

Of the suspected sequelae of lead poisoning, only the possibility of kidney damage has not 
been disproved. The therapy of lead poisoning is controversial; the prime indication is to 
remove the patient from the lead exposure. Diagnosis is not always easy. 


J. PHevps, Boston. 


Tue Porpuyrins. Carey P. McCorp, Indust. Med. & Surg. 20:185-190 (April) 1951. 


McCord reviews the sources and biochemical properties of the several porphyrins. The 
photosensitizing nature of the porphyrins is discussed particularly with regard to diseases of : &§ 
Herbivora. 4 

Since porphyrinuria is associated with many, varied nonoccupational diseases (e. g., some 3 , 
blood dyscrasias, diseases of the liver, and febrile illnesses) it may not be considered pathog- 
nomonic of any given disease. However, the early appearance of porphyrinuria in lead poisoning 
presents another useful sign for the detection of plumbism. Two practical semiquantitative 
methods for determining urinary levels are described, and the importance of porphyrinuria in 
lead workers is discussed. 


ARNOLD Lear, Boston, Mass. 


PARATHION PoIsONING IN FLortpa Citrus Spray OPERATIONS. J. W. WiLitams and J. T. 
GriFFITHs Jr., J. Florida M. A. 37:707 (May) 1951. 


The parathion sprayed on citrus trees presents a new and important industrial health hazard 
to the Florida citrus industry. During the 1950 spray season over 1,000 tons of 15% wettable 
parathion were used, and 50 cases of supposed parathion poisoning were reported to the Citrus 
Experiment Station. During the latter part of the spray season two medical laboratories in 
the state were able to test blood as a means of diagnosing parathion poisoning. The test was 
based on a determination of the amount of cholinesterase present in the plasma and red cells. 

Originally it was considered that red blood cell cholinesterase would be a reasonably reliable 
indicator of other tissue cholinesterases. A drop in red cell cholinesterase to a point below 
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65% of the normal control was considered to be evidence of parathion absorption, but it was 
supposed that actual symptoms of parathion poisoning would not be evident prior to the time 
that blood cholinesterase levels fell to about 25% of the normal control. Work by Grob, Garlick, 
and Harvey had indicated that following a reduction to about 25% of the control, a return to 
normal would be fairly rapid for plasma cholinesterase, but red blood cell cholinesterase would 
return at the rate of about 1% per day, and therefore at least two months would be required 
for the return to normality. Thus, it appeared that when illness occurred, cholinesterase levels 
would be dangerously depressed, but data collected in Florida in 1950 indicate some discrepancy 
in these suppositions relative to development of symptoms. 

Five cases of parathion poisoning are presented. In four of these cases symptoms of poisoning 
occurred when red blood cell cholinesterase was between 50 and 75% of the normal control. 
This finding suggested that some persons will have warning symptoms before blood cholinesterase 
levels are seriously reduced. 

In two cases of this series low hemoglobin was encountered; in one there was a history of 
a disorder of the liver. In two cases the recovery of red blood cell cholinesterase was slow. 
These discrepancies may be indicative of predisposed susceptibility to parathion. They suggest 
the value of preemployment examinations which would include blood protein tests for possible 
disease of the liver, as well as determinations of cholinesterase and hemoglobin. It is anticipated 
that such examinations might well eliminate some persons who would readily become parathion 
poisoning casualties. 


BERYLLIUM AND ALKALINE PHospHATASE. W. N. ALDRIDGE, Nature 165:772 (May) 1950. 


Beryllium powerfully inhibits alkaline phosphatase, but the addition of magnesium reduces 
this inhibition, and this action of magnesium is immediate. The hypothesis that beryllium may 
compete for the magnesium in magnesium-activated enzymes may help to provide an explanation 


of the toxic properties of beryllium. Cuartes Witcocks [Bull. Hyg.] 


Errect oF DIET ON THE SUSCEPTIBILITY OF RATS TO POISONING BY 2,4-6-TRINITROTOLUENE 
(TNT). M.E. Suits and L. J. Gotpwater, J. Nutrition 41:293-305 (June) 1950. 


“1. Observations have been made of the influence of dietary variations in protein, fat, and 
carbohydrate on the toxicity of 2,4,6-trinitrotoluene (TNT). 


“2. TNT in the amounts fed depressed growth, irrespective of the type of diet ingested. On 
the basis of these comparative growth studies it is concluded that a high-fat intake does not 
appear to increase susceptibility to TNT to any marked degree. 

“3. No differences were noted in the effect of TNT toxicity (using growth as the criterion) 
when three different fats (corn oil, hydrogenated cottonseed oil, and lard) were used. 


“4. On the diets containing adequate protein, TNT-fed rats, as well as controls, grew 
appreciably better than on the low-protein diets. The comparative growth data suggest that 
protein exerts no specific detoxicating effect on TNT. 


~ “5. The type of diet did not influence the hemoglobin levels of the TNT-treated animals, 
since all of the TNT-treated groups had an anemia of about the same severity. 

“6. The concentration of the red urinary pigment which was excreted following TNT injec- 
tion was greater in the urine of rats on the moderate protein-high fat diet than on the other 


three diets, which did not differ significantly among themselves.” Facs Bute. Hee 


A New Case oF PARKINSONISM ProsaBLy DvuE To CarBon DisuLFIDE Porsoninc. M. J. 
Anpré and P. StTrERNET, Presse méd. 58:437, 1950. 


It is known that carbon disulfide poisoning may cause symptoms similar to those of Parkin- 
son’s disease. Richter (1945) exposed four monkeys to this gas and saw histological evidence 
of extensive bilateral necrosis of the globus pallidus and of the reticular structure of the sub- 
stantia nigra. All movements of the animals were reduced in amplitude, and there was incoordi- 
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nation without paralysis. Muscles were held in flexion, and there was tremor. This was the 
first experimental evidence of the creation of a striate syndrome by attack on the basal ganglions. 

A workman, aged 29, previously well, had worked in a textile mill for three years; during 
the last three months he was more exposed to carbon disulfide than before. He then complained 
of tremors of the legs, a dragging sensation in the axillae and shoulders, nervousness, excessive 
fatigue, and sweating. He had stopped work in January and had undergone a neurological 
examination in June. By that time, automatic movements were slow; the thumbs were adducted 
and in opposition, but the first joint of each thumb was not flexed. There was a rhythmical 
tremor of the right arm at rest. Tendon and skin reflexes were almost normal, and sensation 
was not affected; there was some stiffness of all limbs. Chronaxy distally was little altered, 
but proximally it was somewhat increased. Similar illnesses had occurred in other workmen in 
the factory, and the general picture was that of postencephalitic parkinsonism. The chronaxy 
was not like that described by Bourguignon in some cases of extrapyramidal lesions with rigidity. 
It is thought that carbon disulfide was the cause of the condition described. 


G. C. Petuer [Brir. J. Inpust. MEp.]. 


INDUSTRIAL DERMATITIS DUE TO MANGANESE TREATED witH BAL. Carto Ceresa, Med. 
lavoro 42:26 (Jan.) 1951. 


A papuloerythematous dermatitis is described, which occurred in a worker, aged 31, after 
two months’ work in breaking up and loading manganese ore. The cutaneous disease was 
accompanied by acute bronchitis and pronounced disturbances of the liver, with enlargement 
of this organ and an intensely positive Takata reaction. The injection of BAL in oil 
(2,3-dimercaptopropanol injection U. S. P.) (200 mg. of 2,3-dimercaptopropanol a day) during 
14 days produced, after a transitory aggravation of the symptoms in the first days, a rapid 
resolution of the dermatitis and bronchitis and at the same time a reduction of the hepatic dis- 
turbances. The beneficial effects of BAL confirmed the diagnosis of manganese poisoning. 
The urinary elimination of the manganese was checked semiquantitatively before and during 
the treatment by a method which is described in detail; an increase of the amount of the metal 
eliminated with urine was observed as a consequence of the administration of BAL. 


ADAPTATION OF ENGLISH SUMMARY. 


CiinicaAL ASPECTS OF MANGANESE POISONING. 
Seguridad y Med. d. Trabajo, 1949, pp. 73-82. 


Manganese poisoning occurs relatively frequently among the workers in a mine near Antofa- 
gasta. The length of exposure in 34 of the series of 64 cases under review varied from 49 
to 480 days, with an average of 178 days. In the three years’ existence of the mine the inci- 
dence of poisoning was 14.8% (64 cases among 432 workers). There appears to be no way of 
determining susceptible persons, but the author believes that there does exist an individual 
sensitivity which predisposes to the disease. 

The symptoms and signs of poisoning are protean and can be divided into a psychological, 
a neurological, and an intermediate group. Common symptoms included psychomotor irritabil- 
ity, dysarthria, and abnormalities of gait, headache, and insomnia, loss of libido and hallucina- 
tions (less frequent), and speech disorders. 

Immediate removal from work resulted in rapid improvement in the psychosis, which 
resolved in about three weeks. The neurological disturbance resembled postencephalitic 


parkinsonism, and the prognosis was grave, only a very small proportion showing noticeable 
improvement. 


E. Prim. J. Chilenas Hig., 


The author states that the lesions produced by manganese in the central nervous system are 
degenerative; therefore the response to treatment is very poor. Prevention of the disease is 
all-important; early recognition of symptoms and periodic medical inspection to remove sus- 
pects from contact are necessary. Manganese miners should undergo a prolonged convalescence 
after any acute illness, particularly any infectious disease, as these may act as precipitating 


factors. C. N. Swanston [Bull. Hyg.]. 
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Acute EpeMa oF LunGc Due To INHALATION oF Nitrous Fumes. G. BoTELuo, Rev. 
5 brasil. tuberc. 18:371 (July-Aug.) 1950. 


This is a grave and frequent industrial accident. The most common lesions are those in 
the respiratory tract, the type and the clinical course of which depend on the composition and 
the concentration of the fumes, the duration of exposure, and the individual reactivity of the 
victim. Nitrous fumes at low concentration when inhaled over long periods cause chronic 
irritation of the respiratory tract, with dyspnea and pain in one or both lungs. Later on, chronic 
bronchitis, bronchiectasia, emphysema, and bronchiolitis obliterans develop. The roentgen picture 
is similar to that of pulmonary miliary tuberculosis associated with dilatation of the right side 
of the heart. Nitrous fumes at great concentration cause vertigo with or without loss of 
consciousness, cough, asphyxia, and a burning sensation in the respiratory tract, followed by 
pulmonary disorders, abundant expectoration of bright red blood, and, frequently, pulmonary 
edema. The pulmonary disorders may be controlled by treatment or may progress to acute 
pulmonary edema with death of the victim within one or three days. In rapidly fatal cases the 
only lesion is acute pulmonary edema. 


Poisoning of a shock type is due to inhalation of nitrous fumes at massive concentration. 
Death is due to stagnation of blood in the pulmonary vessels and stopping of respiration. The 
treatment consists of immediate removal of the victims from the atmosphere of nitrous fumes, 
inhalation of oxygen, daily intravenous injections of a dose of 100 or 200 cc. of a 50% hypertonic 
dextrose solution, and administration of penicillin and mersalyl. Codeine and barbital derivatives 
should be given as sedatives. Bleeding is indicated in cases of acute pulmonary edema. The 
“, author reports good results from the aforementioned treatment in two cases of subacute poison- 
ing. 


Curonic Mercury Potsoninc. Perce, Arhiv Hig. Rada 1:300, 1950. 


Peée found in a felt-hat factory, where the nitrate of mercury is used for impregnation, 
that only 13 of 142 workmen showed no symptoms of mercury poisoning. In a detailed analysis 
of the symptoms of chronic poisoning, he attributes a particular importance first to erethism, 
and then to tremor and to chronic vasomotor disturbances (cyanosis, cold and wet hands, dermo- 
graphism) in the development of the clinical picture. Toxic oral symptoms occupy only the 
fourth place. He did not notice lesions of the teeth but only an appearance of dryness of the 
mouth and the nose. Nervous lesions mostly had a neuralgic character, with most varied 
localizations. He ascribes disturbances of digestive organs, which are not of an exclusively toxic 
character to preponderantly toxic lesions of nerves. This is confirmed by the fact that in the 
course of chronic poisoning he did not find a single lesion of the kidney. He considers mercury 
vapor as almost the only cause of chronic —e Apapranion 


BENZENE PoIsONING IN INDUSTRIES AND Its PREVENTION. ALF Larsson and ERIK 
Turysin, Arhiv Hig. Rada 2:63, 1951. 


oF ENGLISH SUMMARY. 


Larsson and Thrysin review benzene poisoning in Swedish industry and discuss methods for 
its prevention. Benzene poisoning has been observed in Sweden in rubber plants, raincoat 
factories, printing shops, shoe factories, watchmakers’ shops, and laboratories. Prevention of 
benzene poisoning in a raincoat factory and in Swedish printing works during the war is 
described in detail. 


ADAPTATION OF ENGLISH SUMMARY. 


3 INTOXICATION WITH FurRFuRAL. BatAzs Bucyr and Jozser Népegészségiigy 
30: 229-230, 1949. 


Twelve workers showed numbness of the tongue and the mucous membrane of the mouth, 
absence of taste sense, and difficulties in breathing in a plant where furfural was made with 
unsatisfactory ventilation. The toxicity of furfural is lower than that of benzene. 


IstvAn FinAty [Chem. Abst.], 
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THe MECHANISM OF CARBON MONOXIDE Potsoninc. Tisor LeHoczKy, Orvosi Hetilap 
90 : 325-330, 1949. 


In four severe carbon monoxide poisonings there was softening of the pallidum on both 
sides at different grades in the basal ganglions, appearance of necrobiotic points in the 
semioval center of the brain and nonspecific alterations of the nerve cells in the cerebral cortex. 
Carbon monoxide seems to intrude into nerve cells not directly through the blood but by the 
mediation of the intraparenchymal liquor which absorbs it and eventually accumulates it at 
various points of the nervous system, causing there degeneration of nerve elements. Two 
further factors should be added to the known factors of carbon monoxide poisoning: a factor 
of the cephalorachidian liquid and the factor of tissues which bind the gas at various rates. 


IstvAN FrnAty [Chem. Abst.], 


CurRoniIc INFLUENCE OF MERCURY AND CHLORINE IN EMPLOYEES WORKING ON THE Propuc- 
TION OF ALKALIES BY ELEcTROLYsIS OF Basic CHLORIDES. PREmMyst PELNAR and 
VActav PetrAn, Pracovni Lékafstvi 3:11 (March) 1951. 


1. Seventy-five persons employed on the electrolysis of basic chlorides in three factories were 
examined. All were men, aged 22 to 60. 

2. The atmosphere of the working place was in these cases contaminated by mercury vapors 
and by chlorine in concentrations varying with the working place. These concentrations, how- 
ever, were not determined. 


3. The following signs and symptoms were observed in employees: headache (42.6%), mod- 
erately severe symptoms of mucous membrane irritation (37.3%), marked sweating and vaso- 
motor changes (34.6%), psychological changes of the type of neurasthenia mercurialis (34.6%), 
sudden diarrhea and colicky abdominal pains (28%), sensations of muscle twitchings (24%). 
loosening of the teeth (20%), tremor of eyelids and of finger tips and a history of occasional 
tremors (14.7%), chloracne (13.3%). The chloracne was limited to one factory, where 37% 
of examined persons were affected by it. This is probably due to a different kind of asphalt 
for insulating of the baths. 


4. In a group of employees (26 persons) exposed mainly to mercury, there were the follow- 
ing symptoms: psychological changes (57.9%), the aforementioned symptoms (46.2%), mod- 
erately severe symptoms of mucous membrane irritation (46.2%), headache (42.5%), pronounced 
sweating and vasomotor changes (42.5%), tremor of eyelids and finger tips and a history of 
occasional tremor (30.8%), sensation of muscle twitchings (26.9%). 

In a group of employees exposed mostly to chlorine (29 persons) the symptoms were head- 
ache (45%), marked sweating and vasomotor changes (41.5%), moderately severe symptoms of 
mucous membrane irritation (30%) and sensations of muscle twitchings (30%). 

5. According to the simultaneous incidence of symptoms in the examined (combination of 
symptoms), the following syndromes were found: 

(a) Pertaining to the influence of mercury: neurasthenia mercurialis with pronounced 
tendency toward sweating and vasomotor lability and with unusual symptoms of sudden 
diarrhea with colicky abdominal pains. Striking is the rareness with which tremor and 
changes of the gums were found. Excessive perspiration and intestinal symptoms were 
partly due also to choline. 

(b) Pertaining to the influence of chlorine: symptoms of mucous membrane irritation asso- 
ciated with general vetetative symptoms: headache, excessive perspiration, sleep dis- 
turbances, and sudden diarrhea with colicky abdominal pains. Excessive perspiration 
and intestinal symptoms were partly due also to the influence of mercury. 


6. Of all examined persons, 34.7% showed no abnormal findings, 33.3% had only local symp- 


toms of irritation, and 32% had objectively demonstrable general symptoms and simultaneously 
local symptoms. 
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7. Of persons working on electrolysis for less than 2 years, 45.2% had at least some of the 
above symptoms; between 2 and 5 years, 80%, and between 5 and 10 years, 87.5%. Only eight 
persons had been occupied with this type of work for more than 10 years, and 5 of these had 
symptoms (62.5%). 

8. Recommendations are given for preventive measures in work places, together with advice 
on work placement according to the results of the present examination. 


9. Detailed descriptions of five selected cases are attached. 


ADAPTATION OF ENGLISH SUMMARY. 


Leap Porsoninc HAZARD IN PRINTING SHOPS. KaREL REJSEK, Pracovni Lékafstvi 3:29 
(March) 1951. 


The author summarizes the results of examinations of 920 employees of printing shops 
coming into contact with lead. He examined most of these patients himself, taking into con- 
sideration observations from 1931 to the first half of 1950. In some cases in which the diagnosis 
of lead poisoning had been made, a revision in the light of present laboratory methods and 
the present experiences in the evaluation of the clinical picture and the individual laboratory 
tests led to the decision that the original diagnosis of lead poisoning had been incorrect. All 
these faulty diagnoses dated from the time before 1945. The author then discusses the incor- 
rectness of placing importance on various neurological and vascular syndromes found in workers 
with a lead risk in the absence of other evidence of poisoning. The author further analyzes the 
work hazards in printing shops and brings as evidence determinations carried out by Roubal and 
his co-workers. These determinations also point to the fact that today there is no longer a lead 


poisoning hazard in printing shops. ENGLIsH SUMMARY. 


Environmental Conditions 


Test ProcepurEs AND METHODs IN PoL.Lution Controt, Air Pollution Control Dis- 
trict of Los Angeles County, 1951. 


The Air Pollution Control District of Los Angeles County has developed certain modifica- 
tions of existing procedures for the measurement of pollution. In this 60 page article, methods 
are outlined for stack sampling and for testing house’).ld incinerators. Chemical tests are 
given for chlorine, cyanide, fluorine, sulfur dioxide, sulfuric acid mist, sulfides, acrolein, and 
aldehydes. The sulfuric mist test employs specially treated filter papers for the removal of the 
particles; the acidity is determined by titration. A procedure for dust-fall measurements 
includes analyses of acidity (in terms of SOz and COs2), chlorides, insoluble solids, and soluble 
solids. A high-volume sampler (150 cfm) for solid and nonvolatile aerosols is described. Ini- 
tially, the resistance is 13/16 in. (2 cm.) of mercury; after six hours of sampling ordinary air, 
the pressure loss is 1.0 to 1.5 in. (25 to 4 cm.). 


SHELDON K. FrIEDLANDER, Brookline, Mass. 


MeteoroLocGy AND Arr Harry Wexter, Am. J. Pub. Health 41-1:88 (May) 
1951. 


This brief report reviews the effects of wind and vertical temperature gradient on atmos- 
pheric pollution. The Donora (Pa.) disaster is pointed out as “a classic combination of all the 
worst factors which lead to a severe case of atmospheric pollution.” 

Dr. Wexler makes several suggestions for the alleviation of the pollution problem including 
(1) the selection of the most favorable location for the discharge of contaminants with refer- 
ence to the general climatology of the area and (2) the installation of recording thermometers 
on tall, open structures in our cities to provide a continuous record of the vertical temperature 


gradient. SHELDON K. FRIEDLANDER, Brookline, Mass. 
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AtMmosPHERIC Po.tiution. Lours C. McCasez, Indust. & Engin. Chem. 43:89A (March) 1951. 


The first electrical precipitator installed on an open-hearth furnace is in operation at the 
Columbia Steel Company in Torrance, Calif. The problem was to obtain a high cleaning 
efficiency for hot gases (300 to 700 F.) containing small particles (0.5 # mean size by count) at 
moderate concentrations (0.1 to 2.0 grains per cubic foot). About 13,000 standard cfm of the 
gases pass from the furnace to a waste heat boiler and then through the precipitator, which is 
of the dry type. Efficiency by weight during a series of test runs averaged 97.9%. 


This precipitator, which was preceded by a pilot-plant unit, has been in operation for several 
months; others of the same type are being installed on the three remaining furnaces. The 
preliminary estimate of capital outlay, including cost of installation of four precipitators, 
together with auxiliary boilers, special valves, ducts, and flue systems, was about $600,000. 


SHELDON K. FRIEDLANDER, Brookline, Mass. 


Determination of Air-Borne Contaminants 


A CoLorIMetric METHOD FOR THE DETERMINATION OF SULFUR D1oxipE 1n Arr. A. M. 
Stance, J. E. ZaTex and C. D. Rosson, A. I. H. A. Quart. 22:5 (March) 1951. 


A colorimetric method of analysis for sulfur dioxide in air is described. Samples are col- 
lected in standard or midget impingers containing sodium hydroxide solution and glycerin 
(oxidizing inhibitor). Addition of fuchsin, formaldehyde, and concentrated sulfuric acid reagents 
produces a color reaction which is measured by a filter photometer. The authors state that 
analyses are reproducible to within 5% for different operators and on succeeding days. The 
method is sensitive to 0.01 ppm sulfur dioxide. The preparation of the reagents is critical, and 
the colors are not stable, requiring accurate timing in the photometric readings. 


R. Dennis, Boston. 


ATMOSPHERIC CONCENTRATIONS OF SULFUR Dioxipe 1N St. Lours, 1950. Jean J. 
ScHuENEMAN, A. I. H. A. Quart. 12:30 (March) 1951. 


Winter and summer concentrations of sulfur dioxide reported for a 1950 survey and com- 
pared with concentrations existing in 1936-1937 showed decreases of 83 and 73%, respectively. 
The ratios of the winter to the summer concentration was 2.17 in 1936-1937 and 1.37 in 1950, 
indicating that space heating is presently a minor factor in air pollution. Noted improvements 
resulted from the smoke-regulation program, which specifies types of fuels and methods of 
stoking. Conversion to gas and dieselization of railroads were also contributing factors. No 
significant correlation of sulfur dioxide concentration and smoke density or relative humidity was 


reported. R. Dennis, Boston. 


Mass SPECTROMETRIC ANALYSIS OF Low CONCENTRATIONS OF VApors IN Arr. G. P. Happ, 
D. W. Stewart and H. F. Brockmyre, Analyt. Chem. 22:1224-1225, 1950. 


A procedure is given for concentrating and determining the ordinary contaminants in air, 
with the exception of carbon monoxide in quantities below 100 ppm with a 60 degree sector type 
mass spectrometer. An all-glass inlet manifold is operated without auxiliary heating as is the 
ion source. Ion currents are amplified and recorded on a Leeds and Northrup speedomax® 
recorder. Typical curves of concentration vs time of sampling for a five-component mixture 
indicate a die-away effect due to absorption by the walls and contents of the room. Average 
concentrations obtained graphically are shown together with the comparable chemical analysis. 
This accuracy is sufficient for many studies in industrial hygiene, for which conventional methods 
are not suitable. Other advantages of the spectrometer method are rapidity and freedom from 
interference of chemically related substances. C. E. Wise [Cuem. Asst.]. 
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516 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 
Tue Desye-SCHERRER METHOD IN THE ANALYSIS OF INDUSTRIAL SILicon Dust. 


PARMEGGIANI, Med. lavoro 42:10 (Jan.) 1951. 


Luier 


A synthesis of the fundamental principles governing investigation based on x-ray spectro- 
graphy is expounded, with particular regard to Laue’s equations and Bragg’s law; this is fol- 
lowed by a detailed illustration of the Debye-Scherrer method in comparison with other 
roentgenospectrographic methods, mention being made of the procedure for reading the debye- 
grams. In a detailed bibliographic review the medica! literature on the subject is set out. 
The Micro-Metalix apparatus employed in such research, the technique of its use, the various 
points which must be observed in the execution of the Debyegrams, the choice of sensitive 
material, etc., are described. The qualitative analysis for free silica in industrial dusts is 
presented as being the principal practical application of the Debye-Scherrer method for industrial 
medicine, with the limitations which this method involves, but with its advantages of great rapid- 
ity and simplicity, and, the finer the dusts examined, of very much greater exactitude in com- 
parison with chemical methods ; this method may be applied very advantageously in the analysis 
of ashes of tissues (lungs) and dry residues of excretions. One prerogative of this method is 
the possibility of identifying the various phases, crystalline or not, in the free silica; the trans- 
formation of quartz into crystobalite and the transformation of diatomite into crystobalite as an 
effect of thermic treatments was particularly studied. The demonstration that crystobalite 
possesses silicotigenic properties destroys the hypothesis of the piezoelectric pathogenesis of 


silicosis. ADAPTATION OF ENGLISH SUMMARY. 


POLAROGRAPHIC DETERMINATION OF ZINC OXIDE IN THE ATMOSPHERE. I. B. KoGan, 
Zavodskaya Lab. 16:932-934, 1950. 


Satisfactory polarography of air-carried dust of zinc oxide can be made with a solution of 
equal parts of 5% ammonium chloride and 1% ammonium hydroxide. Good results are obtained 


with as little as 0.01 mg. per liter. G. M. Kosorarorr [Chem. Abst.]. 


Tue DETERMINATION OF LEAD IN THE ATMOSPHERE OF A STORAGE BATTERY FActTory. 
KatTarRINA Mirntk, Arhiv Hig. Rada 2:19, 1951. 


Environmental conditions in a storage battery factory are described. The results of the 
determinations of the lead in the air are compared with those of similar analyses carried out by 
Winn and Shroyer. A polarographic method was used for the analysis of air samples. The 
lead content was found to be very high. Preventive methods are proposed for the control of 
atmospheric lead. 

Lead concentration was also determined in blood of 46 workers and found to be high. 


It was found that a method of urinalysis ascribed to Reed and Gant gave much lower 
values of lead concentrations than other analytical methods. 


ADAPTATION OF ENGLISH SUMMARY. 


Radioactive Substances and X-Ray 


CHANGES IN THE BLoop LEVEL oF HuMANS CHRONICALLY ExposEp To Low LeveL GAMMA 
RapraTion. NoRMAN P. Know ton Jr., AECU-1021; LADC-587; LAMS-816 (rev.) 
(pp. 76-92), Dec. 21, 1948. 


A group of 10 individuals exposed to 0.2 r of ¥ radiation per week showed a significant fall 
in total white blood cell count and absolute neutrophil and lymphocyte counts during a 77-week 
period. The degree of fall would not have been predicted from experimental irradiation of 
animals, and other unknown factors also might have been causal agents. It is suggested that 
in other laboratories hematological and exposure data be analyzed statistically to confirm or 
disprove the effects of such low dosages of ionizing radiation on humans. 


From Sc. Asst. 
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RapraTion Hazarps. W. E. Howes and THEODORE KAMHOLTz, Compens. Med. 3:3 (Dec.) 
1950. 


In view of the ever-increasing vistas of radiation hazards opened up as a result of the more 
frequent use of all forms of radioactivity, a new concept of health protection has evolved: 
that of the health physicist. His responsibilities include monitoring persons who are stationed 
in active areas or who handle active materials outside ; checking on the use of protective clothing 
and respirators; maintaining safe radiation levels; maintaining record surveys of radiation 
hazards; other important supervisory duties (decontamination, disposal, radioactive techniques). 

Several charts are given: (1) radiation effects of accidental overexposure (from x-radiation 
and gamma radiation, alpha radiation, beta radiation, neutron radiation) ; (2) acute total-body- 
radiation illness from exposure to the atomic bomb (the greater the distance from the source 
of the radiation, the less the dose and the less severe the clinical evolution) ; (3) protection in 
fluoroscopy; (4) protection in radiography; (5) protection in x-ray therapy; (6) protection 
with radium, radon, radium teletherapy ; (7) protection for full time x-ray and radium workers; 
(8) factors to be considered in evaluation of the dosage for internal radiation hazard; (9) 
protection against radioisotope hazards. Workers in radiation must acquire a “radiation con- 


2. ” 
J. PHetps, Boston. 
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News and Comment 


COUNCIL ON INDUSTRIAL HEALTH OF THE AMERICAN MEDICAL ASSOCIATION 
Newsletter, September, 1951. 


The success of our national defense program is dependent on effective industrial production. 
It is apparent that one of our most acute problems will be the mobilization of adequate manpower 
to accomplish the task ahead. The maintenance of a healthy workforce will do much to conserve 
our limited supply of human resources. Industrial health and hygiene services and education 
are media through which health maintenance of our industrial population is effected. 

The Bureau of Health Education of the American Medical Association is in a position to 
make a worth-while contribution to health education in industry by means of its “Health Pam- 
phlets.” The pamphlets, especially suited to the “pick-up” reading rack or reading table, are 
written simply and clearly for the layman. Their aim is to make the reader health-conscious 
and to present factual information about various diseases and health problems. In no way are 
the publications intended as a substitute for medical advice or the personal attention of a 
physician where such is needed. Rather, they encourage the reader to seek the timely help 
of a physician and to give him intelligent cooperation. 

Nor is the material limited to a discussion of physical ailments; pamphlets are available on 
mental hygiene and child-training topics, including sex education for all age groups. This may 
well appeal to working fathers and mothers who may not succeed in forgetting their home 
problems when waving good-bye in the morning. 

Catalogs listing these health pamphlets are available on request, through the Bureau of 
Health Education. The pamphlets are sold through the Order Department, American Medical 
Association, 535 N. Dearborn St., Chicago 10, Ill. The single copy prices range from 5 to 
25 cents per copy, with generous discounts applicable to all quantity orders. Quantity price 
information on all pamphlets can be obtained by writing to the Order Department. 


ANNOUNCEMENTS 


The Washington Branch of the International Labor Office has issued a notice of recruitment 
for Member of Division, Industrial Hygiene Division, International Staff, International Labor 
Office. The position will be in the Industrial Hygiene Division of the International Labor 
Office, which is at present located in Geneva, Switzerland, but the successful candidate may be 
required to work at any other place at which this division of the International Labor Office may 
be established. The work will involve (1) collecting and classifying documents respecting 
occupational health and especially medical rehabilitation, cooperating with specialists in these and 
related fields, such as public health, physiology, physics and psychology; (2) drafting notes on 
the above questions for the publications of the Office; (3) assisting in the preparation of reports 
for conferences and committees; (4) working in an expert or secretarial capacity at sessions of 
the International Labor Conference or other International Labor Office meetings; (5) furnishing 
technical information and advice on occupational health. The applicant must be a citizen of the 
United States, not less than 27 nor more than 35 years of age, and must have the degree of 
Doctor of Medicine. He should be able to write well in English and should have a good 
knowledge of French. Additional languages will be considered. He should have some special- 
ization in industrial hygiene. The commencing salary is $4,800, which may rise to a maximum 
of $8,000. The initial salary for the present appointment will be fixed at $5,600, unless age, 
experience, and qualifications of the successful candidate justify a higher commencing salary. 
Candidates for the post should apply to the Washington Branch of the International Labor Office, 
1825 Jefferson Place, Washington 6, D. C., giving full information concerning the required 
qualifications. Qualified candidates may be required to take a written examination. 
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MEANS EARLY RETURN TO 
NORMAL ACTIVITIES 


Continuity of treatment with well-tolerated 
CHLOROMYCETIN produces a rapid clinical 
response in a wide variety of bacterial, viral, | 


and rickettsial diseases. Convalescence is 
smooth, and an early return of the patient to 
his normal activities may be anticipated. 


CHLOROMYCETIN (chloramphenicol, Parke-Davis) 

is supplied in the following forms: 
CHLOROMYCETIN Kapseals,® 250 mg., bottles of 16 and 100. 
CHLOROMYCETIN Capsules, 100 mg., bottles of 25 and 100. 
CHLOROMYCETIN Capsules, 50 mg., bottles of 25 and 100. 


CHLOROMYCETIN Ophthalmic Ointment, 1%, % ounce 
collapsible tubes. 


CHLOROMYCETIN Ophthalmic, 25 mg. dry powder for solution, 
individual vials with droppers. 
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NEW YORK UNIVERSITY 
POST-GRADUATE MEDICAL SCHOOL 


477 First Avenue, New York 16, N. Y. 


Department of Industrial Medicine 


OCCUPATIONAL DERMATOSES 
5 days—full-time. 
February 4 through 8, 1952 


Originally scheduled as a part-time 
course, now as an intensive one week full- 
time course, Monday through Friday, 9:30 
a. m. to 4:30 p. m., in the diagnosis, treat- 
ment and prevention of occupational der- 
matoses. 


For apptication and information, address: 
Office of the Dean, 


Post-Graduate Medical School oe: 
There Are 15 Plauor- 
(A Unit of the New York University-Bellevue FLARE-TOP  EAT-IT-ALL 
Medical Center) Bakeries From Coast-To-Coast 


WRITE: Flare-TOPS—Box 2004—Chicago 9, Ill. 


SUPPLEMENT to EXPERIENCE 
A.M.A. Archives of INTERNAL MEDICINE 


UNDER some circumstances, sometime in his career, practically every 
physician becomes an internist. Contact with forward-moving prac- 
tices and opinions in the internal medicine field . . . provided in 
A. M. A. INTERNAL MEDICINE .. . supplies confirmation and sup- 
plements experience for both the specialist and the physician in 
general practice. 


Featured each month will be comprehensive original articles, case 
reports, clinical studies, progress reports, correspondence, news and 
comment, book reviews. 


AMERICAN MEDICAL ASSOCIATION 


535 N. Dearborn St.. Chicago 10, Illinois 


. 
Please Begin My Subscription to A. M.A. Archives of 
Able editorial leadership. INTERNAL MEDICINE with the Next Issue. 


$10.00 YEARLY 
$11.00 FOREIGN $10.49 CANADIAN 


Outstanding contributions. 
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Doctor —nere is a protective skin creme now accepted 


by the Committee on Cosmetics of the AMERICAN MEDICAL 


ASSOCIATION— 


CASIL PROTECTIVE SKIN CREME 


It is quick and easy to apply. The Protective film guards the skin and 
it washes off in water. No dirt—pigments—or paints can touch the 
skin when CASIL PROTECTIVE SKIN CREME is applied properly. 


Less than .5 of 1% free alkali. 


Thirty days or monthly buying suggested. Price $8.50 per case of 


4—5 # cans. F.O.B. Chicago. 


Send order to: P.O. Box 208, Evanston, Illinois, or telephone UN 4-7339 


(exchange is University). 


THE DERMO 
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HEALTH EDUCATION BOOKLETS 


Nine booklets on topics of interest to you 
and your patients. You will find them 
helpful in answering some of the ques- 
tions brought to you. 


HEARING 
HEARING INFORMATION, PLEASE! Mary Wood 
Whitehurst. 3 pages. 15 cents. 


WHICH HEARING AID SHALL | BUY? Waring J. 
Fitch and LeRoy D. Hedgecock. 6 pages. 15 cents 


ORAL AND DENTAL HYGIENE 

CORRECTING CLEFT PALATE. J. S. Horsley, Jr. 
3 pages. 5 cents. 

THE CHILDREN’S SPEECH CLINIC: I, II, tll, IV. 
Ruth E. Beckey. 14 pages. 10 cents. 

WHY OTHER PEOPLE SMELL. Howard W. Haggard. 
4 pages. 5 cents. 

WHY STUTTER? John A. Glassburg. 4 pages. 5 
cents. 

YOUR VOICE. Chevalier Jackson and Chevalier L. 
Jackson. 12 pages. 15 cents. 

THE CARE OF THE TEETH. William M. Gardner. 30 
pages. 15 cents. 

OUR FOOD AND OUR TEETH. Percy R. Howe. 4 
pages. 15 cents. 


Keep a supply of these booklets on hand. 
Available at lower cost for quantity 
purchases. 


AMERICAN MEDICAL ASSOCIATION 
535 North Dearborn Street 
Chicago 10, Illinois 
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LIGHTFOOT SCHULTZ CO., 663—Sth AVE., NEW YORK 22) 


YOU, Doctor, are the best judge, so 


BELIEVE IN 
YOURSELF! 


With so many claims made in cigarette advertising, 
most doctors prefer to judge for themselves. 
So, Doctor, won’t you make this simple test? 


Take a Morris— 
and any other cigarette. Then, 


Light up either one. Take a puff —don’t 
= inhale—and s-l-o-w-l-y let the smoke 
come through your nose. 


Now do exactly the same thing with the 
yA other cigarette. 


Then, Doctor... BELIEVE IN YOURSELF! 


PHILIP MORRIS 


Philip Morris & Co. Ltd., Ine. 
100 Park Avenue, New York 17, N. Y. 
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Nasal membrane showing increased 
leukocytes with denudation of cilia. 


Normal appearing nasal epithelium, 


| 


Nasal engorgement and hypersecretion 
accompanying the common cold and sinusitis are 
quickly relieved by the vasoconstrictive action of 


NEO-SYNEPHRINE’® 


HYDROCHLORIDE 
Brand of Phenylephrine Hydrochloride 


The decongestive action of several drops in each 

nostril usually extends over two to four hours. The VNuilhhioo 

effect is undiminished after repeated use. New 13,/N. Y.  Winpsor, Or. 
Relatively nonirritating . . . Virtually no central 

stimulation. 
Supplied in %% solution (plain and aromatic), tut 

1 oz. bottles. Also 1% solution (when greater con- 


centration is required), 1 oz. bottles, and 2% 
water soluble jelly, % oz. tubes. 
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